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ABSTRACT 

As a supplement to the principal reports, a total of 
776 verbal behavioral objectives are incorporated in this document 
relating to tho U. S. Naval Academy Self-Paced Physics Course. The 
objectives are related to the following aspects: physical 
measurements, frames of reference, significant figures, statics, 
dynamics, kinematics, electricity, and magnetism. All are on the 
level of the Halliday and Resnick physics textbook. (Related 
documents are SE 016 065 through SE 016 088 and ED 06 2 123 through ED 
062 125.) (CC) 



ERIC 



OJ. .1 00,1. 00 «o.lvu prc.bl.cn. vliicl, involve, ccuvcr f.i.nr and 

oLhijxwuw in;in.ipu] aLing tin.lts of .1 on j.l.h";,;,d l ime 
in the mor.t couunon sy Ccnn.s of V.oasuirfinon L . 

0.1 1. 001 01 name Invarlabi.l .Uy a;i l.l,o more lnj.,or fP„ C 

crllerion fur -c1cc!:.inK standards of moui^ureinen t; 
tl.aa accossJbility l„ cases v/l,ero these criteria 
arc lncoi;ij);itible.. 

01 1 001 02 define a fundamental quantity as used in pliysics. 

01 1 001 03 select, fro., a li.t of four physical quantities, 
the one that is not a fundiimcntal (is a derived) 
quantity. ' 

01 1 001 04 state the historical definition of the motor 
based upon the circumference of the earth. 

01 1 001 05 select, from a list of fox.r statements, the one 
that gives sliarpness and narrowness as the 
. reasons the orange-red line of krypton 86 was 
chosen for the definition of the modern meter. 

01 1 001 06 deduce the relationship between the nhufical mile 
and the meter (1 n.m. = 1852 ,a) . using the 
historical definitions of both. 

01 1 001 07 define the sidereal day and be able to state its 
relationship to the mean solar day. 

* >v A 

01 1 001 23 define a derived quantity as used in physics. 

01 1 001 25 define the standard meter In terms of the wave- 
length of the orange-red line in the spectrum of 
krypton 86. 

01 1 001 26 use the fact that a circle consists of 60 x 360 
- 21600 minutes, of arc. 



01 1 002 op answer f und.nr.cu Lai verbal cjuesllons reJatLn. lo 
franiea of ro Terence.. 

01 1 002 01 selact. from a lisL of four s L.u.nCs , the one 
Lha.L gxv.jj; boLh }:Jmc and position no rrl alive 
quar.Lxties; i.e., they have no absolute frame of 
rGference. 



01 ]. 003 00 select, and carry frora data to answer, the. coriect 
number of sigui fi cant dj.fii.t.s in all typus of 
arithriictj-c opc;rat:i ons . 

01 1 003 0] select, froi. a list of number?, the ones that have 
the same nurabcr of significant figures. 

01 1 003 02 give the nuiiibcr of s<rgnificant figures that must 
be retained in a sum of n,any numbers, eacli vith a 
different number of significant figures." 

01 1 003 03 select the correct vay that the area of a rectangle 
(product of two numbers) must be written, an ordJr 
to have the right number of significant figures. 

01 1 003.04 select the correct way tliat 'the volume of a sphere 
(product of three variable numbers) must be 
written, in order to have the right number of 
significant figures. 



01 1 003 2^ recognize that constant factors (for example the 
factor 4/3 in the expression for tlie volume of a 
sphere) have unlimited numbers of significant 
figures, and that constants like 7r are known to a 
very high degree of accuracy. 



01 1 004 00 jnanipulatc vector., and vccoi^nlzc that physical 

quaiUM.tj.es whicli miu^!: he specified by a ir,aj;n:itude. 
and a direction are. vector qiuintitles. 

01 1 00/t 01 compute the dot product of two vectors. 

01 1 004 02 compute, the cross (vector) product of two vectors. 

01 J 004 03 rcco£ui.-.e thot displncemcnt is a vector quantitv 
and Kust be treated as such. 

01 1 004 04 recosni..G that tlie area of .a parallC^ j-rnm is 

equal to the magnitude of the cross product of its 
two adjacent sides taken as vectors. 



01 1 004 05 



01 1 C04 22 



determine the triple product. (A x t).'^, of three 
co-planar vectors A, B and C. 



vV * A 



recognize that the cross ' product is a vector, and 
find the direction of this vector. 



01 1 004 81 distinguish between scalar and vector quantities 
by selecting tlie scalars (or vectors) from a list 
of physical quantities. 

01 1 004 82 add and subtract vectors.. 

01 1 004 83 identify the mathematical laws (coimutative, 

diptributive, associative) which are obeyed by the 
various vector operations (addition, dot" product 
cross product). 



01 1 004 84 



recognize that the cross product of a vector and 
^ scalar is meaningless. 



01 2 005 00 defino tvAd use the terms needed in tlie study of 
kinematics. ' ■ " . 

01 2 005 01 disitincui^h between the teres "kinematics" and 
'dynamics" in any verbal problem. 

01 2 005 02 define a particle as a body having mass but zero 
exten.-.iion in .space. 

01 2 005 03 deiine translational motion as motion of a body 
an which all its particles move along parallel 
xines, and apply this definition in scJcctinp from 
a list of graphs that grai-Ji which represents 'a 
translation, 

01 2 005 04 recognize that translatlonal motion need not be 
linear. 



01 2 OOG 00 
01 2 006 01 



01 2 006 02 



01 2 006 03 



01 2 006 0/^ 



01 2 006 05 



solve problciiis involvinf, rectilinear r,iot:ion witli 
con s I ai 1 1 a c col e r a L i. o ii . 

calculate tbc averar^e velocity for constant acceler- 
ation ar^ tlie ratio of the vector d.i splaccTaen t to 
the tiTKO elapsed durin;; vhicli the displacement is 
traversed. 

coripute the velocity of a particle at a given tiine, 
given the diyplacenent of the particle as a function 
of time. 

recogniy.e that the acceleration of a body is not 
zero whenever its (vector) velocity changes, even 
though the magnitude of the velocity (speed) may 
remain the same. 

compute the average acceleration, given the initial 
and final velocities (laagnitudes and directions) 
and the time during which tlie velocity change takes 
place from 



a = Av/At = (v^ - v^)/At. 



convert acceleration from one system of units to 
another. 



01 2 006 21 
01 2 0C6 22 

01 2 006 23 
01 2 006 31 

01 2 006 33 
01 2 006 41 

01 2 006 51 



recognize that velocity is a vector quantity. 

define velocity as the time rate of change of 
position (v = dr/dt). 

define acceleration as the -time rate of change of 
velocity (t = dv/dt). 

/ 

use the relationships ainong the various r,;:r. . of 
time (hours, minutes, seconds, etc.) to convert 
'from one unit to the other. 

recognise that the acceleration is a vector quantity. 

use the relationships among various units of length 
(meter, cm, foot, inch, mile, etc, )^ to convert from 
one unit to the other* 

convert velocity (or speed) from one system of 

units to another* (Some common units used in this ♦ 

course: mph, ft/s, m/s, cm/s, km/h, knot, etc.) 



7 



01 2 007 00 interpret graphs having ti:.. abscissa and posi- 
tion, velocity, or acceloration as ordinate, and 
solve problems involving these quantities u^^ins.- 
the information supplied by the graphs. 

01 2 007 01 solve for the average velocity in the >:-direction 
given an >: versus t curve; from 



V = 

X At 



t2 - t 



01 2 007 02 find point on a v versus t curve at which the 
acceleration is the same. 

01 2 007 03 select from among given graphs the ones that 
represent variable acceleration. 



5^: 3V * 

01 2 007 22 recognize that the slope at any point of a v versus 
t curve gives the instantaneous acceleration at 
that point. 

01 2 007 23 recognize that the acceleration is the second 

derivative of the position with respect to time. 



x.e, 



a = dv ^ df? 
dt dt^ 



/ 
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01 2 008 00 
01 2 008 01 



01 2 008 21 



clctcrainc v/ncthcr given c.qtintiona are plnujribJc by 
using diiucmsdonul Enaly^ls. 

use diiT.onsional analysis to select the onlv correct 
equation giving the position of a body as ; function 
of tir.G wl.en the body is subjected to air resistance, 
from a list of four equations, 

recognise that the argun^ent of a special function 
(exponential, logarithniie, trigonr.,etric , etc.) ,uust 
be a diraensionless quantity. 



01 2 009 00 solve problems di^aling vith Liie free fall of 

bodies (one-climenclonal niotioi>) near tlio surface 
. of the earth by usin'^ one of the follovinc. 

equations 

Vy = + at = Vqj, - gt 

y = yo + - (l/2)gt^- (2) 

V = - 28 (y - y„) (3) 

01 2 009 01 use (1) to determine any of the quantities 
involved. 

01 2 009 02 use equation (2) to determine any of the quantities 
involved in it. 

01 2 009 03 use equation (3) to determine any of the 
quantities involved in it. 

01 2 009 04 use equation (4) to determine any of the - 
quantities involved in it. 

01 2 009 05 use (2) to determine g, when the only given data 
are m a list giving the distance of fall of a 
body and the corresponding time at which this 
distance v;as measured. 



I 
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01 2 010 00 solve problcn.s clc.a]i„c; v;iL-h the concept of 

relntlve notion by usin- ihc general relative 
velocity equation, 



•> -> 



- Vab + (5) 

or equations derived fron; it. (Here v is rend' 
the velocity of body a v;itli respect to body b.) 

01 2 010 01 use the above equation to solve for v , given 
^ab ^'bc- 
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01 2 0.]1 00 U.0 U.e^derinition ^ .„d 1 ^ a = dv/dL 

- d r/dt ), Lo solve pro!'.! c-nis Jiivolviiv; 
differenLiatlon or int.ograLion , 

compute the. accoloraLi on of a particle at a };:iven 
tune, given the dependence of the partiele'a ' 
position on time. 



01 2 Oil 01 



01 2 Oil 02 find the time it takes a car to stop, given the 
Initial speed of the car and the time dependence 
of tlie monitude of t]ie deceleration; i.e., 
intej^rate the equation 

dv = a(t) dl 

01 2 Oil 03 find the distance that the car above travels 
before coming to a stop, by inteBrating tlie 
equation 

dx = v(t) dt , 
and using the time found. 
\ 



01 3 OU 00 annlyxc tl„.. i ,,onal LrajecLory of a body 

projoctcici froiu any heii;lit., at. any an-lc v/ith the 
horizoiiLal, using f.lio two-climansloual (vector) 
ocjuation£3 

V = + at , (6j 
r = + v„t -1- A at^ , (7) 
= ^ 2a- (r -■ •^^) and (8) 

r = 2 (v + Vq) t , (9) 

with = 0, Uy = -g = constant, 

01 3 012 01 compute the highest altitude that a body 

projected from ground level attains, given the 
initial velocity, 

01 3 012 02 compute the time it takes a projectile to attain 
its highest altitude, 

01 3 012 03 recognijce that the horizontal velocity of a 
projectile remains constant, and use this to 
determine the horizontal position at any time, 

01 3 012 04 show that when a body, projected at an mglc 
above the horisiontal returns to its initial 
position its vertical velocity is equal in 
magnitude and opposite In direction to its 
initial velocity, 

01 3 012 05 determine the horizontal range of projectile. 

01 3 012 06 calculate the maximum' range of a cannon, 

01 3 012 07 compute the angle of projection, given the range 
and initial speed. 

if * ii 

01 3 012 21 analytic tho position, velocity and acceleration 
vectors Into their x- and .y-components; i.e., 

r » xl 4- yj 

^ A 

V » Vjji + Vyj 

0 w a 1 4- V j 



12 ConL, 



01 3 01-2 27 riicogn\'/.e lIkU: a Iijrizo:it I . .laije, loss than tlie 
maximum one, can be aLL.-t.*.' ' wiili tvo angles of 
projection . 

01 3 012 31 rccognl:ic the indepcudeiicu of the vertical and 
horizon Lai motion of a projocLile. 

01 3 012 ^il rc'cognnzc that whcMi the projectile readies its 
highest altitude, the vertical component of its 
velocity is momentarily /.ero. 



EKLC 



02 1 0J.3 00 a.);>ly WcvLna'jj fj.rsL J oT i.:oL:,ion. 

O:^ ]; 01 "i Ol' i:ccoo\\\ A^^ [h;M evoiy body poj;j>isLi; in iti^ siA\Ui 
j of un I t::o( :Lon in a st;raiv;!il: ]. luc imlci.^ iL 

! ' ' ch/.u-iv^r* tliaL .sl.aLo. by forces 

it:. 

02 L 013 02 cal.cuJ ;'l.o ll:o spend of a parLJ.cIo nTLcn: au 

iLuLo.uval of Lliau. in L.lio absei^co. of neL exLerior 
force. 

02 i 013 03 recall Liuit forces are vect:*Qr cuiaiiLlliies. 

02 1 013 04 reco^nlxe l.haL a pari:lclc rr.oviiig aL consLaril: 
ve].ociL*y ha:5 yxtro ncL force acLing upon iL. 

02 1 013 05 cirav; all the forces acLinj^, on a block in mo Lion. 

02 1 013 06 isoj.aLc forces on a free-body diagram. 

02 1 013 07 recQgui/.c LhaL Lhe normal force is noL alv/ays ■ 
equal Lo Lhe v/cij^hL.- 

02 1 013 OS dcmonsLraLc Ll^aL ::ovLon's firtst lav/ is. indepen- 
dent of Lhe refc:_.ncc frama. 

02 1 013 09 ^calculate each feme acting on a particle when 
Lhe .neL force i>5 ^ero'. 

02 1 013- 10 recognize that nvasG is an InLrinsic property of 

■waLLer Lhat deterniincG xL.s resistance Lo a chtinge 
in iriotlon. 

02 I 013 11 choose the pound, the fooL/ and Lhe second Lo be 
.fiu.nd amen L al uu:l ts . * \ ' 

02 1 013 12 demonstrate that a luassless sLring transmits a 
Mo r ce im ch an ge d . 



02 1 013 23 recognize 1:he meaning of scalar and vector 
quanLlLies. 

02 1 013 26 realise Lhat all forces acting on a body are 
dravm through the center of maSsS. 

02 1 013 27 rotate vectoro into tlieir x- and y-coinp(jnen ts 

02 1 013 28 demonstrate that two moving objects stuck 
together have ?iero relative velocity. 

02 1 013 29 salve .simultaneous, equations. 



02 .1. O.I.A 00 •MM^'ly «'v'iv.'l:on * s .siu-oiid ^ hwi of i;-.o(.jon. 



07. 1 014 0.1. wr.i. i:o. :;..•;.■{: on ' s cecoiul liiv/ j.n coiai^oiio.nL form in 
' li j i •..■'nsii.on.s . 

0^- :i:.:t.):aLo. L'haL l;ho accol' ■ rnl [.on of a m.i:j.s is . 

dlvocLly pi/oporLloiial Lo lUa noL force ncLlng 
upon it, 

02 2 OlA 03 clr.'.ii-/ a f ro.o-l^iocly dLngram t:o ifK:)laf.e itulivi.dual 
p a r f: s of an a c c e J. e i: ( i L :i n g s y s L o in . 

02 ?. 014 OA clioosc tlic con:oc:(: frco-hody di.n^^rcini for a luovlug 
l)lock r..jl;.ed upon by a .sCr.i.ag, 

02 2 OiA 05 do::ionr:;l ral:a l.lie use of a slf^n convc-n tiion for the 
dirocLloii of yacLors. 

02 2 O.lyi 06 use frIcLfon furco In a frco-<^;jJv diaf^rara of a - 



02 2 0- 07 use frictilv^-: force, Lcnyion c d .:.gliL in a free- 
body diagra:;! lio deLcrniine Lhe 'oraLiou of a 
body . 

02 2 O.I./} 08 rQcogni^:c LhaL t]\o uoriual force .epoiids upon tihc 
mo Li. on of a body. 

02 2 014 09 doLcrniine the tension iu the stra.ng of an Atwood^ 
machine at rest . 

02 2 014 10 determine tlie ten;3ion i.n the sLriug of an Atv/ood'f 
machine in motion. 

02 2 01^ 11 solve a proifolein with tv/o' pulleys and a masslass 
string, 

02 2 Ol^r 12 solve a prablein involving multiple pulleys and a 
massless string. 

02. 2 m4 13 determine the force .required to accelerate an 
object given initial and final velocities and 
dis tance t7.*aVG.lJ.ed . 

02' 2 014 14 determine displacement if given the force as a 
function of time. 



02 1 OlA 21 demonstrate l\ov/ to rcisolvo, vectors 



02 2 Ol-i 25 rccoi'j\rAo. tliaf: a itinsslooj prJ.].;jy !;io.r.:l.y clK'.iii^;v^.s 
tho d i. ri.'cL.t.(.Mi of a force. 

02 2 QJJh:": 2^ (hrnw au "ALv;ood iiiachine . 



ERIC 



02 1 0.1.5 00 
02. i 0.i5 0.!.' 

I 
I 

! 

02 I 015 02 
0?. 1 015 03 

02 1 015 21 
02' 1 015 22 
02 1 015 23 



dp.rinc llia v.a'i.[;IU: of a l.)ody hohv Ihc OcUM-n an Lli.e 
nL:lracl.ivo force c.xorLod on lli/! body by carLh 

ca.l cu J al'.t^ the vci Lical acc.-ile Laclon of a body dun 
to i I. iri V/ o. i 1 1 a,l. o n o . 

detoiriiixiie the v/ol^^hl: of an objo.cL uo.ru: Iho uxoon. 



realize that tv7o mas?Jcs al:tract each otlier. 
reall:^c that: v.'clr;hl: ±3 a force. 

locaJio the published value for : .s.s of tlie moon. 



.1.6 



02 .1. 0.1.6 00 

! 

02 1 0.15 OJ. ' 
i 

o:^. 0.1.6 0.3 

02 X 016 04 



ii I: a(.(.^. llc\? Lcjii * Lii ird In'./ of ii;o l.loa . 

ro<'.or;nl;:'.c t.h;tl;. aL. Ica.-jt: Lv;o bodies arc alv/ays 
i n vol vc. d To r a f o n:ci l;o ex i i-; L . 

recoj".in:j.::o- tha t: , \fh^~:i) t:wo bud i.ca exert; f o rcc\s on 
each o('.]icr, (vi.l.lior 'of l.ho Lv/o forces may be 
coDsidered tihc n.-.: :::Mon force . 



I 
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02 ?. 0.1.7 00 uiyo. tin: cocf J;.u- [..mW. of i*ri(M i on l:o solve prub.loni;:; 
^ of iKul:.io;>. 

02 2 01.7 01 roco-.)i;:i; i U:\\: i\u.i c.k L LLcuiiilti oi. i.i iclLon avc 

02 2 017 02 ro CIO Jill ;f xo. Llial: klnoLlc frlcLion .l*; propo rlloiial 
l:o Lho nc>!.i:ial lorce. 

02 2 '017 03 ro.cogni MO. ihnt klnaLlc fricCion is InJcpcndeiiL of 
the ariT.i of .surface con L'act . 

02 2 017 04 recall IhiM: i.hci force oC frlclion al^^/ays cicls in 
a dlrocLl(.)n op^^ottil.e to Llie cl).recL:ioii of niotilon. 

02 2 0.1.7 05 realixc thnl-. th.- coo rfi clcuL of kiiicLlc frjcLi.on 
is Icfji-': I'uin the cocfiicicnt of .'^t.uL.ic friction. 

02 2 iDlV 06 calcul,:'n the coefficient of s:tatic Criction 
cxpc rip.' i.i tally . 

02 2 '017 07 show tiiat ilhe force of 5>tatic friction can be 
used to si-:r:pcnf.l a block from a verticle v/a].J.. 

02 2 017 03 rccilise tluv.t the force of friction can be t]\c 
force used tto accelerate a block. 



/ 

1 

\ 



02 3 018 00 



o:^ 3 018 01 



02 3 013 02 
02 3 0L8 03 

02 3 018 04 
02 3 018 05 

02 3 018 06 

©2 3 CIS 08 
62 3 018 09 

02 .3 018 10 

02 3 018 11 

02 3 018 12 



describe! tiie k ui-i.<.u..lc par ji.i-:' U.!rs of a p.ivL f ile 
In c j. rcnXi'i t: ir.o (. i oa . 

rc'COi^nl/^e^ t^i.-tC , v-iir:n a p.-i; -r ic.lo moves Jn n 
circLilji: !i '/it. Ii con.ML/u .S[>ocm1, it is 
a c c. o. ]. o ii i: J . [ T g tb.iLi to Ih c c 1 1 . i : i <^ o 1 n c] l ; : r c L :i o n o L' 
Lhe ve.loclLy^- 

don.nc unifcvria ci rculaj; ir.c>ti.on. 

\ 

reco^;nJ.xc Lh:.il: Lh,e rrdial accel..' ration l.s equal 
to v^'IXi v/bcro. V Is Lho r.ini^itrl Lude ol: Lho 
tangeiiL Lai voloclLy. . / 

d i: i. n c • c o n t r i. p c L n 1 . 

rcalir^e tiuiL velocity can chaago. by a chjango in 
d .i. i: e c L \ o n a 1 o n c . : 

doLerralnc an c::p3:es8ion for Lhe dlG Lance Lravolod 
by a particle undergoing unirorm circular n^otion. 

calculate Llic racEialL acceleration from a ~ v^/r. 

calculate tlie nutDber of revolutions per minute 
given tiie tangential velocity of a v/hecl. 

deterniine the relative velocity of tlie rim of a 
v;heel with respect to the center of tlie vheel . 

rccogiiiJie that tlie tange.ntial velocity of a wheel 
varies linearly vrith tiie radius. 

determine the tlTO required for an orbiting body 
to make one revolution. ^ 



^ 'A- sS: 



02 3 018 27 



recall that wSieu tXvTo tricvngles are similar, tiie 
ratios of tlie corresponding sides aarc eqiual. 



I: 
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I'.r.jl.iou. 

I 

02 3 0:19 01 roc«\';tij./<o a " ccrJ: r ipe t ^l. forco niusC 

02 3 0.1.9 02 recall LhaC an orbiling snL-LvI.llCe has ouTv ■ 
force, acting- i l:s v/oi[.;ht , 

02 3 019 03 recall that: the ccuD. Ipctal force can b.- 
calcu.1.al.(*.d from I: - inv"/r. 

02 3 019 04 calculaUo • tilio con tripe l;al force usJ.ni;^ V ^Ai-z^'/r. 

02 3 019 05 use N'ew ton's se.cortcl la.\; and the ro.latlon.^]i j'p for 
centrJ petal force. 

02 3 0.19 06 . cojnbine circular ir.otiou and ].iiiear luo ti dm problems < 



Q3 1 020 00 an;^v;or f iiniJaniCMiLal quoijti.ons and solve prob.loms 
pertain i.ng Lo the work dono by a con.stant force 
(grM[)lij.cnlJ.y niul aaaly (::i.caJ.ly) , 

03 1 020 01 solve ono-dline-nsional problems for the work done 
by a constant' force acting on a particle, 

03 1 020 02 identify the f orce-versus-displacemont graph 
v;hich represents a constant force, \ 



03 1 020 21 define the vjork done by a constant force; (acting 
on a particle) vhcn the force and the pa^rtn.cle 
displacement are in the same direction (W = F s) . 
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03 ,1 0:^1 00' usa Lhe. definition oJ: v/ork, 





to solve problcniis portaiaing to the work dona by 
n variable force. 

03 1 021 01 compute the wo7;k done by a force v/hose\omponcut 
along the direction of motion varies linearly 
with the displacemcat . 

03 1 021 02 use the fact that the integral in (1) is equal 
to the 'area under the versus s curve to 
compute the work done by a varying" force, 
geometrically . 

03 1 021 03 u.se (1) to determine the work -done by any force 
v/hose dependence on displacement is known 
directly or indirectly. 

03 1 021 04 compute the work done by a spring obeying Hookers 
law in moving a mass from one point to another. 



03 1 021 21 use the fact that the integral in (1) is equal to 
the area under the versus s curve to compute 
the v/ork done by a varying force geometrically. 

03 1 021 2A recognize that a spring obeys Hooke's law, if the 
force applied by the spring when it is deformed 
is -proportional to the deformation (elongation or 
compression). 

03 1 021 31 recogni-^e that in general work is defined by 
equation (1) above . • 



03 .1. 022 00 (lef inc pov/ci.* and solve p^rolj.ltiins for the. pov;oi- 
de.]. Ivcre.d by a ino.chanica.l. - 5;ys Loin.- 

03 1 022 01 dorlvo Die cxprcsr; Ion P ~ F'v, for Iho. iiv.\t:m- - 
tancous power delivered hy a force 1;' applied on 
a parLiclc v/hcn t:he parLiclc is Lioving with a 
volociLy V, and use iL Lo solve problems. - 



03 1 022 21 define power zu^ the Lime raLe aL wliich v/ork is 
being done (P = -dW/dC.) . . 

03 1 022 31 recognise Lhe uniLs of ppv^er in Lhe Lhreie stan- 
dard sysLems as \^oll as Lhe horsepower and 
converL from one uniL Lo Lhe ot-ber. 

03 1 022 hi analy/.e Lhe forces acLing on a body on an incline 
to Lheir parallel aiid normal coinpononLs, 



.03 1 023 00 nns\/i;i; riuukuvc.'nlal qui-sl lun;.; m l.at. i nj^ l.o lIk! 

physical. .^;.Lf;;i.i C Icancc of 1:1k> kinolic ciiorf;y of a 
botly . 

03 1 023 01 ur.c the v/oik--eno.r^',y Lhciorom to ckUcnui.iu-; l.he 

nnioimt: of v;ork rmiukrcul lo c:h.aii[;o the wpoed of a 
parLicl.o to a [;jvea value. 

03 1 023 02 uf.c Lhe v.'urk oiuirj;y thj'oroin l:o derive the 
cquaLion vj' -V 2a' (r - r^) . 

03 1 023 03 ufjc Ihc nbuvo. ofiunlioii to coinputo the ypocd of a 

block afLor :i t has traveled a gi.ven distance along 
an :i.ncl:ined plane. 

03 1 023 O'^f use tlic v/ork enerf,y Llicotem to «how that a 

projectile \\i\:r> Lhe groiiiul with the ynme speed 
v/lth which It Is projecLo.d (ffom ground level). 

03 1 023 05 use the v;ork energy tlieorcm to determine the 
klna.Llc energy of a projectile at its hl^ihest 
altitude. 

03 1 023 06 compuLc Lhe klneLlc energy of a mo^ylni'; body from 
K = (l/2)niv^*, TTiaklng sure to convert Lo all 
.quantities involved Lo the cippropriate units.' 

03 1 023 07 use the v/ork-energy theorem to ooniputo the 
average force acting on a bullet, given the 
penetration inside a block of wood. 



03 2 0?J\ 00 ana.lyxci ovoiit.s .[ nv().lv.i.)i;.; ccMi.scirval ivo and noiv- 
cons o rva 1. 1 (f.l J jj.vj :i.p a L.i.vu ) fu r ces . 

03 2 02A 01 f^lvc soma exaniplcf:; of consorvaLive forces; i.e., 
Lhc o.lasLic fovea of an ideal spring, Lhe force 
of gravlLy, etc. 



03 2 024 21 dafine a force 1^ as covrservatrlvo if the v/ork done 
by iL on a parLlcle that movcy Lhrouiili any cloiiod 
path is*^ ?cero; I.e. , 

F*ds 0 . 



03 2 025 00 an.';vM:'.j: f undnn-cnLnl qiie^jLlons aiul r.olvo p]-oh.I.eiiis 
relnl:j.ii):^ Lo Llio iial:ura of luecli.inicnl poLon(:.Liil 
oncri-'Y aiu.l Lh*/ un.lLs used Lo luea.surc It. 

03 2 025 0]. use Llie fact ih;.\t v;hcn a consorval:ivc force l.s 
appJlcd AK -I' /;1J = 0 Lo show LhaL W ^ -AU. 

03 2 025 02 ' comb Lao Lhc v;ork-cnergy Lhcorom, W = AK, viLh the 
con:.^ervaLi.ve rolaLionsh J.p AK 4- AU =^ 0 Lo derive 
Lhc relaLionMh.lp 

(l/2)mVo'- -f' U(Xo) - (-l/2)mv'- + U(x) . 

03 2 025 03 rccoonix.c tliaL Lh.e values of poLonLial and kincLic 
energies of a sysLeni depend on the frame of refer- 
ence relative Lo v.'hich Llie posiLion and veloclLies 
involved are being measured. 



03 2 025 21 recognize, using the concept of conservaLive 

forces, LhaL any change in the kinetic energy of 
a body, AK, must be accompanied by a change in 
•its potential energy, AU, such that AK = ~AU or 
AK -f AU = 0 . 



63 2 02G (- llic dof j.a:il;:i.oa F --VU (or U = -/F-Jr) Lo 

i-m.i.]io Llic fovcr v/lion tho poLL:iU:i.al .is given, 
■ CO versa. 

03 2 026 0: ;:iino any CarLcuvian coniponcnL of Lhc force ^is 

.uicLioM of X, y and z { (x, y, z) ] , given 

03 2 026 01 .ermine 'F(r) , given U(r). 

03 2 026 03 ^.grate uhc expression for Lh'e force Lo find an 

ression for Lhe poLcntiul energy. 

03 2 026 0^{ jgniJ^e LhaL potenlial energy is a relaLive 

-atiLy;^ iLs value at a point in space depends 
a the choice of the point at: v/hich the potential 
' ^:rgy is taken to be zero. 



•k k k 



03 2 026 n 



i the partial derivative of a function of more 
n one variable. 



use Li.. I c: 
cuoi:[;y Lo 
where con 




.6- 2 j27 35 

03 Z coil 21 
.03 2 02.7 24 



app.l ic^'ble . 

find the li;!;.; . -^t point reached r: Ijody pi^o- 
jcctod verLJ/ -n.iy iipv.';xrd. 

solve pro]).l.-:::.j involving ir.oLiou m f rj^clrloalcss 
non-hori/cop. .il Jiurf aces . : 

solve prohl involvinc;. the rioLl a of a siraple 
ponduliiDu 

solve problems Involving mas.s-sprinr, systems. 



solve problems involving motion on surfaces v/iLh 
friction by recognizing the fact tliat the total 
B^echanical energy is no longer const/int but is 
reduced by an arnount equal to the vjork done 
against frictio 

solve probleias involving niotion in a path which 
includes a circular loop. 



recognize- that the gravitational potential energy 
of a body, when the surface of the earth taken as 
the 5:ero potential level, is given by U = nigh 
(where h is the altitude of the body). 

use the fact that for a spring F = ~k(x - x ) 
along with the definition U = — /p dx to derive 
the repression for the elastic potential energy 
of a spring, U = '(l/2)k(x - xj^ 



- ' r fuiula:;- ; :l quesLlons a the concopL 

r of \v.as,ii, ;ii)d locnLc Ll cv^uLci of iuar L^f 
- :s bod.i.Cii- 

03 3 028 Qi T..:o that Hiic center of ::-ss of a '.body r.n.vei^. 

^^-^^ --^int a part:i( of equal iiyu^r 

• tht^: s;,:::o ctxtornal : .:os would mor^:., 

p-.'^v. lied tlie n^ t external for . nclin^ on tlie 

■.V' appllu : along a line /asjxng t]n:oug]> „.iic 
• . of mass . 

.03 3 02S 02 y that the c ;Ker of r:a;i, of a body f: ^ 

fixed rcl^itl to the body but not 
warily v^italn -.c matanlal of tilie bodv 

03 3 028 03 .^ize that die c .ter of of a sys: of 

' particOies lies aJko^g the liiio joining t i, : tv7o 
.lp..;aicles and its. pojrftioii is -the niaiss^-vjcl^riirted 
m>'N-n of the positions of the tv7o particles? 

03 3 028 m r. mine the coordiimtcs of the center of a :;s 

a system of particlles. 

03 3 028 05 wcc^ui7.e that ttha position of the center of mass 
o-t a s:y.stem of particles does not cliangc if a 
ib.Mt:i'clb is adu3ed to the system at the location 
of tihm center of raass. 

03 3 028 06 ii^uce that the position of the center of mass .of 
m £r3':5tem of partj.cles does not change if the 
.m:i::.>ies of the p^-ticles are clianged proportionately. 

03 3 028 07 tflcdms- that the posi-:tion of -he center of mass of 
a syjstem of particies doe's nnt change if the 
Astcmees of ithe p^articles from, their center of 
msss amxe changed proper tionatciy. 

03 3 028 08 fet^-Tnime the centcrr of mass of a symmetrical tmo 
dxmet^Kiioiial body by iTecogniri^ing that the center 
of mms of a lr<mnogKw:tous synims-Uirical body lies at 
gjBometric center^ 

03 3 028 09 iselect the most couM^^enlerd: r lei ent of area for 
.determining the ceater oSimc-;s of a body by 
ii^&LcaiCTtions (c&sL = mia^,*. 

03-3 028 16 use inltegratiasais to ^^irermmDi trite center of nsasfs 
of a fcflsimogeiieasjass trisssigle* 
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0'3 3 Q29 00 dcsci-ibc! Liio cuucepLs of and r,].. 

re.lnLina to Lhe p.:oLion of Lha i L.'i'. . r cnls. 

03 3 029 01 determine the acceleration of lu- . of nass 

of a sy«tera of two particles a;;i;,ed sip- . l-v givom 
forces. 



03 3 029 02 



recognize fro-a Newton's third lav nicj. uicnial 

forces cancel out in pairs and :o li i.r 

removal docs not affect the_ rr.oL: f : e. ceaLer 
of mass. 



03 3 029 03 

4r 



defir.c the center-of-mass refcrei f- .arie, and 
coiiipnte the kinetic energy of a f ■ -i ..of' 
partieles relative to their centt±:T- i iss frame. 



ERIC 



con Si . ••!•. lii::,.:; . 

04 J 030 01 calci::::,: ..c -..u:... ^..tiiia of c I"^^- y vl:, :;r.G 

and V. jcity .Tire [;; vcn. 



a 



0- 1 030 02 find ua^L^^ : ido total i::0..;ent 

sysjtc:: ;:>f i:.^::. v::-"t:li given vel;Oci- (^r 

OA 1 030 03 del:en:v e td::c dlreetion of tlie coU . .. i;: -i-:: nL-um 
of a sy-tci:: of masses v:ith grven v Joc^iLi.e^t 
(or inoriujittL; . 

04 1 030 04 fliid the vc-locity of the ceii.L:_cir of .n^..^ 'of a 
system of r^-sses ;givcn the tcvtal i;- of 
the systera. 

04 1 030 05 use Kev:ton*s s:e.cond lav: of moti .0 dctLerainc 
the force er-ierited on a body^ gi\ . - :Ue rate 
at which the tody's moznentuH. is i:;LJian'.:^'j:ii[; . 

04 1 (030 06 las^e 'Nev7 ton's second lav7 of moticsi itc- delrxriine 
Mie acceleratilon of a body, givem- fee rat':\ at 
v*ich the bod'3^*s momentum is chaaiisii:nr^£^ 

04 1 030 07 determine the niomentuni of a foody -'^ teoramass, 
Siven the bod^''*;S kinetic energy. 

04 1 CBO 08 xrccognize tliiat [the forces involv.^id iiiii the 

(Situation aiove are internal fmiz^^cs;, ihenco, 
ttihe center of ma.^s remains st&itliima'rj. 



04 1 030 21 define n:ioineEitim as a vector qii -iBtxty CGoial to 

the piroduct GEf afhe mass and the veloclJTf of a 

04 1 Q30 25 eaqoress: JSiEwtfScn ' s second law of vmt±oM\ m the 

W —'dhimt = ma 



\^^erE the Issdt equation holds osxly foir comstant 
mass- 
OA 1 030 27 use the dctim&iou of momentum ^ni_. kii^etic 
enexs^ to derive the reljailtlon 



K-^rB^/2m 
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conf.. ... TV. 
factor. 



.^rl:- to s :i t ua !L 1 . n^^ in \::lu.cl) 



54 _ (B31 01. 



use cr:r 
nan al: 



wit; 



1.: a 



ru-.;Iioa.t of kn:'"n 
n liorizontal r( ' 



1 c) d c t e nrj' n tli e 
,;ss just after a 
s off the boat 
Ticnt of vcloci tv . 



04 i (031 02 



state 
particl' 
of tlie c 
zero; an 



;l lliC total mo: 
■ roiic.ins ca^nst 
ix.T.naX forces 
or)' varic tio: 



..un of a system of 

tff the vector sum 
:in^: on the systeir. is 
of clils principle^ 



1 mi 03 



connputc t: speed of a fr' Iglir: cr.r v/ith 
certain t:ial speed af... - i" i"z. collects a 
given ar.K unt of rain- 



0 4 Z G?31 21 



relate jai.au^toa's third lav: c f imotion to 
coiise'r\~nit±D.a of morjentuir.. 



OA mi 31 



cdif f .ere-i„ Lic^te bet\veen intcriiai and external 
fox(£'j.iH cf £ ,systcr3- 



'0/| ] 032 00 ISO] i::,. . utisjli pru:)l^.■..,;^ in\ -Ivi : Jicr i7i llii 

(0^ 1 032 01 cho , : :M":jm a l:i:nt - -^iurjl * oi^: the oji i^niicli 

'a'l'. gf vl.-i tLu [; oaorol cqT.Kit Ui::. for n rocket . 

0/| 1 €32 02 co::.;'.r: djie Vh:..i it- n p:.;. • ;t::lcu ' ar roclcet 

to . ; V - its n:;ixi.i!-!u:.; S]iccdj ; 'vcu the rate 
at eh,i;.cn £uel is con^^rxinad . 

0^1 1 032 03 detarmfjiie tbc liiaAimixr,; upward s,p::Cic! vof tire 

Tock-ir cilvovoj giw.li the speed Liic* exhaust 
£ar;c.:fi B'C'.l.atlve tto the rocket » 

04 1 (032 04 rjclecr. fi'om a list >of eqii<T.tx::.nr.-> the. one that 

;£ppli.';iis DO a "rcii.^drop fal'l.aij^; throic^h a Jiiisty. 
stiiio.spilier^c'. . " 

1 032 05 'Vise fe^ii e£uiue;tion 3^ = \ dm/dt for a convenor 
belt ca:rryi3Tg sand at cons tout vcla'-city to 
derive an e>:pressl;^n]i fo-r tdlic cost lui movinf- a 
tto:it.xii!L masB m, -gi-ven the t:iffl:s;l per -^smlt ensiervgy 

©A 1 032 06 derive an e^q^messiion for the cos'l^ af incrving 

"mass 'of sand ni, If the coiTOcyoir nclt starts 
'j ram xest w7itih all 'the sanc^:^ cjii ii. ratfer th'Mi 
Jiiiiic samd .f:alL on it ailt the ra.:e fei/'tfit. 



OA X ©37 22 rec^D^gniLiie nOhat a rG>cbeft acfee^c^ iilts TnaiximuL- ■ 
(upti^rarJ) speed at the momeHi: aHl liYxe fuiel i^- 
consumEad . 

©4 1 03'2 24 recogniize :tiiat the equation (iieriveci for a 

rocket appulles to other sltu^d:±crnf' v/hich 
the m^ss is varying- 

04 I 032 25 recognize rtihat what v; 2 are ^<Eiylng £^i?r is tota] 
energy use^ and not the rate at \7h:u.(c\i energy 
is us'cd iig; i^-^t^.^ cTk'. pov/e;r. 
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forK'C'S zic tin^ on Ix.-J j i.-r:. .of couis l • iiL ir.Msr-*- 

04 1 02-3 01 113L; the impulse a..o::...-nlu::A priuciplcj to fiuu aii 
cxp'Hrcssion for Lne ir;pu.Tt.sc inpcn^'vC-.J to a 
particle of knov.n lu^tjs if iLs . iuiLial anJ 
filial velocit.icr> zi*c given- 
OA 1 033 02 apply Kci-:ton".s tiir;rJ la.^v? of inotlo'in to shov: tbaL 
itiiie iir.pulse impnrte'xl by a parti^ile _1 tci 
parlzicle 2^ (^^2 3^ ^Q^'*'^^- ^.n miai^^niLteclQ and 
qjiX/Osite in dlirection t© the iiEpulne inipartad 
by particle 2_ to f-articHe 1 (3"^..). 

04 1 QG3 03 doterruine the expression for the mmcatun of 

the. center- of inass of tV70 panicles after each 
particle is given, .an equal and! op'P'Osit^c- inipuli:c 
by tlaci other parf^'ele (iiiLcrnal forces}, if the 
commion initi.'c-l velocity and thnc irasses of the 
par tidies are ;giTCnii- 

04 1 03'3 0)4 use tlie iop u Lse-momr-Tn tun? pirine:J5.pl(o. to compute 
the fiJial iiiominntmi of a body oil gi^^en' initial 
momci-ttim^., aftter a gii-vcn imp;ulsie ±3 iinjpartecl to 
the bojdy.. 

04 1 033 05 select from a list of statenieButiS tihe (One that 
givef?r> the rerziy-mi a banimer Is n:mTc. a.ffective 
than a huitiaii ttlinnii) iji dhriviirg; Vi mh back 
intJD ^ piece ctf Ikardl wcvod. 



7fi Sc 'a- 



04 1 033 21 state the iinpuiIse-~iKu3aiientum principle • 

04 1 C)3'3 24 2:eco£,nl?.e that impulse is' a vector and must be 
ttre:4ate<l >as sirr.h. 



34 



on the definition of ii;:pulse. 



0^ 1 034 01 find the iviagnitude of tlie impulse imparted to 

a block by a force wliicli varies proportionately 
vjith time and i.s exerted to the block for a 
certain txwe period, T. 

(M\ 2 034 02 calculate the total time during vjhich a given 
average force is acting if it imparts a given 
iFipulse to an object. 

04 2 034 03 compute tlie vjork done to a body by an impulsive 
force, given the Fiagnitude of tlie impulse 
imparted to the body by tlie impulse - 

04 2 03^ 04 use the definition of impulse and the impulse 
momentum principle to solve various problems 
in kinematics. 
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04 2 035 00 xi^ci ^rap-ncal v^rUKM^Is to shelve* prubJciiL; bc-:o<l 
on the defiin* lion of inpulsu 



2 

Jj2 = F dt 



OA 2 035 01 calculate the ma^nltuclo of aii iir.piilsc in-ip;u-tccl 
to an object by coi.iputing the area under the 
force versus tiinG curve. 



EKLC 



OA 2 03ri CO 



dealing'; v.-ltli tv. .> -bo Jy colli5.iion::- . 



0/i 2 03G 01 use Kev;lcn*s third lav; o£ motion to conclude 
that in a collision botv;eon t\:o bodies the 
mutual forces exerted by the b-odiei; on each 
other are equal in magnitude and opposite in 
direction. 

04 2 036 02 identify, fron a given list of phenomena, 
tliose that constitute collisions betv:ccu 
objects. 

04 2 036 03 recognize that the net external force applied 
to a system being zcrc. is a necessar y and 
sufficien t condition for conservation of 
moment uiii. 



0/f 2 037 GO 

Q/j 2 037 01 

O/i 2 037 02 

0^1 2 037 03 

04 2 037 04 

04 2 037 05 

04 2 037 06 
04 2 037 07 

04 2 037 27 



aiK'wcr f uacUii::(.-nt";iI qucsLIoas an -J jioTvc 
pi'oblcmr^ jkt L aiiiivic^ to all one- d l.ineniiJ on<il 
n on- r c I » 1 1 i. v i s I: i c co 1 1 1 1 \ I r> ; i rj , 

rccognlxG tliat in iiu\lar;ti(: roll 3 5:;:Lonp I'.'lncUic 
energy is not conserved; bene*.* no "cnargy 
equation" can be v/rittcii for such collislonG, 

relate the fact that in a collision betv/een 
two bodies Ap^ = * '^P2 Nev/tou's third law 
of motion. 

recognise that conservation of hinetic energy 
is v;hat distinguishes an elastic collision 
from an inelastic one, 

V7ritc the "momentum equation" applicable to 
any one-dimensional collisaon between two 
bodies . 

solve pi'oblems on one-dimension a] collisions 
which are neither perfectly elastic nor 
perfectly inelastic, 

solve problems on one-dimensional collisions 
which are perfectly eltistic, 

solve problems on one-diinansional collisions 
V7hich are perfectly (totally) inelastj.c. 



define a perfectly inelastic collision as one 
in which the tV70 colliding particles stick 
together after the collision. 
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OA 3 038 00 ansv^o.r rinuhv.r<vniTi. c;ucr:l;Lons aiu- r-:o.1-VO pro]i]ont 
involvi.nj.^ tv;o-'dii!K'n.'.?:i.onal collis a ons . 

04 3 038 0]. so].vo problcuis involving t\vO-~clincnsional > 
pe7:fecl:ly inelasric collisions . 

04 3 038 02 solve probJ cnis involving two-dimensional ^ 
perfectly elastic collision.^. 

04 3 038 03 solve problems involving tv7o-diinensional 

collisionG V7bich are neitber perfectly elastic 
nor perfectly inelastjc. 



EKLC 



05 1 039 00 answer fundamental questions relating to early 
attempts to understand the "solar system. 

05 1 039 01 recognize that Kepler formulated his laws of 
planetary motion based on observational data 
compiled by Tycho Brahe. 

05 1 039 02 select: from a list of verbal statements the 
one that best represents Kepler's fir3t law 
of planetary motion. 

05 1 039 03 use Kepler's third .law of planetary motion to 
deterndne the relationship betv/een one Pluto 
year and one earth year, given the mean radii 
of the two planets' orbits about the sun. 

•k A- * 

05 1 039 22 state each of Kepler's three laws of planetary 
motion. 



OS 1 040 00 analyze verbal and mathematical statements 
relating to Newton *s law of universal 
gravitation. 

05 1 040 01 recognize that Newton's law of universal 
gravitation does not answer the question: 
"l^iy do bodies attract each other?" 

05 1 040 02 recognize that the universal gravitational 

constant, Gy must be determined experimentally; 
it cannot be computed from theory. 

05 1 040 03 recognize that Newton's law of universal 

gravitation does not imply that the force of 
gravitational attraction betv/een two bodies is 
independent of the shape of the bodies; in 
fact Newton formulated his law in terms of 

point particles. . 

j 

05 1 040 04 recognize that the constant of universal 

gravitation, G, is just that — a universal 
constant; its value is the s-ame everywhere in 
the universe. 



05 1 040 21 recognize that a major accomplishment of 
Newton's law of universal gravitation was 
the derivation of Kepler's (empirical) laws 
of planetary motion. 

05 1 040 31 recognize that a second major accomplishment 

of Newton's law was the synthesis of terrestrial 
and celestial mechanics into a single theory. 
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05 1 041 00 solve problems based on Newton's law of 
universal gravitation. 

05 1 041 01 compute the radius of Phobos* (Mars' satellite) 
orbit about Mars, given rlic value of ^ on Mars, 
Mars' radius and the period of Phobos.- 

05 1 041 02 calculate the mass of Mars from various data 
on Mars and its satellite Phobos. 

05 1 041 03 calculate the gravitational force exerted of 

the electron revolving about the proton in the 
Bohr picture of the hydrogen atom. 

■J5 1 041 04 calculate the value of ^ on the surface of the 
moon, given the moon's radius and mass. 



^Ir ^S* 



05 1 041 21 derive the relationship a l/r^j for the 
acceleration of a body resulting from the 
gravitational force j using Nex^ton's law of 
universal gravitation and his second law of 
motion. 
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05 1 042 00 answer fundamental ciuestioiia and solve problems 
related to the variation of the value of g- 

05 1 0A2 01 recognize that the period of a simple pendulum, 
measured with a spring chronometer, depends on 
the point of the *Viniverse" at which the 
period is measured*.; 

05 1 042 02 stata that the vaJluC of g decreases as the 

dlsttmce from, the center of the earth increases. 

05 L-{i?i&i03 ciMgmte the weight: of a body of known mass at 
ai :^CTEn altitude above the surface of the 

05 04 coinpuite the drf ference in the weight of a mass 

of known mass between a po:i2it on the equator 
and::a point on either pole of the (assumed 
spherical) earth, 

05 1 WtZ compnuite the difference in the weight of a mass 

of krLGwn mass betv/een a poiiLt on the equator 
and a point on the surface of the earth of 
given latitude. 

05 1 0-(2 ^6 mcognize that a lever balance measures the 
utaass (of an object; hence, the "weight" of a 
laan wonald be the same at a point on the equator 
and a point on either pole if the "weighing" 
is done V7ith a lever balance. 

:k ic 

05 1 042 22 derive an expression of the period of a simple 
pendulum and show .that 'it depends on the value 
of g at the point the pendulum is located, 

05 1 042 24 recognize that part of the difference in the 
value of g between the equator and the poles 
is due to the earth's rotation about its axis. 

05 1 042 31 derive an expression for the period of 

oscillations of a mass-spring system and show 
that it is independent on the value of g. 
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05 1 043 00 
05 1 043 01 

05 1 043 02 

05 1 043 03 



answer fundamenLal que:s£::SL^>i3ji relating to the 
concepts of inertial aiid? ^^a-writational mass. 

select from a list of emz:^:rT^ms involving the 
mass of the bodies invaE^5S2S_.mDse cqucitions in 
vzhich m stands for gra^'t^rns^ml mass. 

derive an expression thar wr^suMi ^vei on the 
surface of the earth if Hliig^ ^issaiiliatxoaal and 
the inertial masses verse cixS^EEscat* 



name various experiments o^r Lsbbbb; tfhat. can be 

used to demonstrate that: iginiviiisaitir^^ 

is conceptually different: tifrart: tr i iii CT ;. tI al mass. 



05 1 044 00 answer f undainental questicrEcs and solve 

problems pertaining to tlis application of 
Newton's law of universal ;^ravitation to 
spherically symmetric bodi£^, 

05 1 044 01 recognize that Nev/ton's Law o± universal 

gravitation, although ixLitnrto dmied for point 
pm'ticles , also applies Ecrr .spherical bodies 
wl.th spherical symmetry^ 

05 1 044 02 ccalculate tfce gravitaticsiiEall ftircsi a 

pan: tide imisi.(fe a unifeaniE hsphexicsIL shell, 
wifeen a ysecrmd particle lis Uocateii foutside the 
:^ell. 

05 1 044 03 calcula^te tha gravitaUn.oaal force on a 

particle outside a unlfoxm spherical shell, 
xvhen a second particle is located inside the 
shell. 



05 1 044 21 recognrze that the density of a spherically 

symmetric body is not necessarily unifoxm but 
it is a function of the disitance, r, firom a 
point in the body (the center). 

05 1 044 22 recognize that the gravitational force im a 

body inside a uniform spherical shell, iiue to 
the shell itself, is zero. 

05 1 044 23 calculate the force exerted by a uniform 

spherical shell on a particle located ouitside 
the shell by considering all the mass of: the 
shell as concentrated at its center. 

05 1 044 32 recognize that a spherical shell separating 
two particles cannot act as a shield tc the 
mutual gravitational force experienced by 
these particles. 



03 2 045 00 .aiasv;cr f iindanicntal quasitic.r^:s and solve 

jproblamrs based on the rnotiOT. of plcinets and 
sattellxtes. 

05 2 Q45 01 locate the center of mass of the earth-moon 
system* 

©5 £ 045 02 calculate the altitude of xnm earth's satellite 
in circular orbit, if the J:£atellite is to 
r?emain dix"ectly above a certain point of the 
earth's equator. 

OS 2 045 03 derive the relations K = -11/2, E U/2 for a 
satellite in circular orbit about the earth. 

05 2 045 04 caiLculate the final altitude of a satellite 

ciround the earth if it does certain amount of 
work against air resistance, given its initial 
al-titude (cSnircular orbit). 

05 2 045 05 fluEd the speed of a satellite given the radius 
of its orbit about the earth.. 
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05 2 046 00 answer Euudainental quest oas and solve 
problems ba^jcd on tlic cor.oept of the 
gravLtational field (s trengtl\) . 

05 2 046 OL comp^tte the magnltuade of the gravitational 
fielid (strength) on the surface of Saturn. 

05 2 046 02 complete the apparant weight of a known mass on 
the surface of Saturn. 

05 2 046 03 locate the point between the earth and the moon 
at which tha graivritational field of the earth- 
moon system is zero. 

05 2 046 04 derive an exprosis^ion for the magnitude of the 
gravitational field produced by a uniform 
spherical shell as a function of the distance 
of the field point from the center o£ the 
shell . 

05 2 046 05 derive an expression for the magnititiSse of - the 
gravitationmL field strength pnrodut^sad by a 
uniform sphere as a function ^of the doistance 
of the fieiM poiiat from the ceater of the 
sphere . 

•k -k 

05 2 045 21 define the gravitational field strength; i.e., 

Y = -G ^ r . • 
r 

05 2 046 22 define apparent weight. .as 

= mg = m(Y ~ a^) 

where a^ is the component of the centripetal 
acceleration along the radius vector. 



05 2 046 23 



recognize that the gravitational field 
(strength) is a vector quantity. 



al 



f o.t.avxLaLional potential 

03 2 047 01 relate .^Ua..onaX po.cnU., 

poj-nt from the center of the shell 

gSltaSon'T'"''"" '^'^'^ --^-^^-^^e of th. 

gravitational potential produced bv p ,„.■; r 
sphere as a function of the distance of he"" 
fxeld ^o^t from the ce..te.r the sphere 



05 2 047 03 



05 2 047 04 



calculate t&e '^ravi r^.^~T 

• . -. •o'-'^^i-atianaiiL pcBtential ai- 

point betoeeu the earth moon at whJ^H 

the graviitational field is ^ero. '"^ 

05 2 047 05 ...tate thj^ .:^e fact that at. tfc point 

rnentionecl ab«>e y = 0 whereas f ^ J or U 4 0^ 
does not conlrradict the -idn:, , U 0) 

reference pol« i"! r.VLZT^Vt^. 
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05 2 048 00 answer fuiidameaLal questions and solve 
problems related witli the concept of 
gravitational potential energy. 

05 2 048 01 state that the potential energy of a mass m 
placed a distance r from tlie center of the 
earth is equal to the negative of the work done 
by the gravitational force in bringing the 
point from a point at infinity to the point in 
question. 

05 2 048 02 state that the. choice of the earth's surface 
as the zero gravitational potential reference 
is good only for terrestrial mechanic, where 
the contributions of other celestial bodies can 
be neglected. ; 

05 2 048 03 state that the expression U = mgy, for the 

potential energy of a mass m at an altitude y, 
is good only near the surface of the earth 
with the earth's surface taken as the zero 
potential energy reference. 

05 2 048 04 give as a judicious choice for the point at 
which the potential energy of a system (not 
necessarily gravitational) is zero the point 
at which -the force on the system is also zero. 

05 2 048 05 use conservation of-'iilechaniGal energy to 

compute the speeds of two spheres when they 
collide if the spheres have started from rest 
on a frietionless table, given their initial 
separation. 

05 2 048 06 use conservation of mechanical energy to find 
to what separation the two spheres above 
rebound if a given part of their energy is 
lost during their collision. 

05 2 048 07 use conservation of energy to solve problems 
dealing with escape velocity (speed). 

05 2 048 08 find -the maximum altitude that a body attains, 
given the upward speed with which the body 
leaves the earth's surface. 

05 2 043 09 compute the work done against gravity in 
assembling a number of particles starting 
with the particles at infinity, and recognize 
that this work is equal to the total potential 
energy of the assembly. 



06 1 049 00 apply Coulomb's law. 

06 1 049 01 define charge as the origin of electrical 
force. 

06 1 049 02 recognize that the electron contains the most 
elementary unit of charge. 

06 1 049 03 define quantization as a fixed amount of a 
physical property. 

06 1 049 04 recognize that resinous charge is synonymous 
with negative charge. 

06 1 049 05 recall that the constant in Coulomb's law 

is 9 X 10^ N-m^/C^. 

06 1 049 06 recall that the most elementary quantity of 
charge is 1.6 x 10"^^ coulombs. 

06 1 049 07 recall that although Coulomb's law holds only 
for point charges it can be extended to larger 
objects by considering differential elements 
of charge. 



06 1 050 00 demonstrate the nature of charges produced by 
rubbing insulators. 

06 1 050 01 define an ideal insulator as a material in 
which charges are fixed at all times. 

06 1 050 02 recognize that positive and negative charges 
stem from triboelectrifying glass and rubber 
rods . 

06 1 050 03 recall that positive charge is produced by 
rubbing an insulated glass rod with a silk 
cloth. 
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06 1 051 00 recall the fact the quantity of charge in a 
closed system does not change. 

06 1 051 01 define a coulomb of charge as the amount of 
charge that flows through a given cross 
section of wire in one second if there is a 
steady current of one ampere in the wire. 
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06 1 052 00 use the concept of electric field to calculate 
force on charges located in the field. 

06 1 052 01 recall that Newton's second law for a charged 
particle in an electric field is 

qE = ma . 

06 1 052 02 recall that the force on a charge in an 
electric field is 

F = qE . 

06 1 052 03 recognize that charged particles do not 

influence each other directly and that the 
electric ' field is a go--between. 



V. 



06 1 053 00 calculate the electric field for any 
distribution of charge, 

06 1 053 01 define electric field strength as the force pe 
unit charge acting on a charge placed in the 
field, 

06 1 053 02 recognize that the direction of the electric 
field is chosen to be the direction in which 
a positive charge would tend to move if 
placed in the field. 

06 1 053 03 recognize that electric field is a vector and 
must be added or subtracted as a vector. 

06 1 053 04 recall that the electric field has a unique 
value at every point in space surrounding a 
charge particle. 

06 1 053 05 recall the value of the electric field near 
an infinitely large plane that is uniformily 
charged. 
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06 1 054 00 use an electroscope to determine qualitative 
and quantitative aspects of charge. 

06 1 054 01 recognize that two positive charges repel 
each other. 

06 1 054 02 recognize that two negative charges repel each 
other. 

06 1 054 03 recall that unlike charges attract. 



06 1 055 00 draw the electric lines of force due to 
sjrmmetric charge distributions. 

05 1 055 01 recall that lines of force are directed ' 

away from an isolated positive charge. 

06 1 055 02 recognize that the density of the lines of 

force is directly proportional to the electric 
field strength. 

06 1 055 03 recall that lines of force are directed 
toward an isolated negative charge. 

06 1 055 04 recognize that the tangent to a line of force 
at any point gives the direction of E at that 
point . 



e lectric .rjo]<l. 

07 ] O'.jG 01 dcfJiiu i]ic cli.rccl;Jo:i a cMpoK- by 

tlici positive c]]iM:^r- f or< : i nj.'. 1:1 in Jipol^: . 

07 1 OjG 02 recornizci tliaL llio lu.-l'. force- aclir.f, on a 
dipolr* in an clccuric f ield i ^s >:o.ro . 

07 1 036 03 ]:cco£;niza that cn electric clJ.polc ccvoslsts: 
cf t\;o char^;e.s of oj-po::! tc si -/n £:up,vira t^^c! 
by a f i >: c. d d i s t a ii c o . 

07 1 036 04 recall that the directjon of. the dipole 

inoniGnt is fro;r tlie minus chcnrge to the plus 
char^ie, , 
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of a force act :\l dlyluvico ir<n-.\ tli-' 
ccji L or of huis:-; of a s^-.s le.ii!. 

07 -1 037 01 dcfJiir tlic toi-Mua vcclov by: 

-> -> 
T - r >: . 

07 1 037 0*2 roco^^.n.izo tjio. spatial si^nif :) Cc.nce of tlio 
force, dir^ijlaceuan I: and torquvi VL-iCi.ors. 



07 1 058 00 



07 :i Ojo 01 rccnl] that, the ]>;^ UJun c: f a c!j];o]c: in an 
cilec L ric f :i O'ld da Leri:-. : iif^i--. the net" tc^rcjua . 

07 1 058 02 rocsl] that tha r.e.t tornua on a J polo J <^ xcro 
if the dipola a>::i is nlij^Miod vrith tho fialci. 

07 1 0!3G 03 recall that Vuu ina^^.uitude cf tiie torque, on a 
dipolc? is givoii by 

T = 2 qEa sinC . 

07 1 058 0-^1 recall tljal tlie magnitude o£ the torque in 
tcr/ris of lUc dxpolc mon^.enl ±i) 

T == E p siuG . 

07 1 05 define a dipolc moifient by tljo expression 

p 2qa wliere q is tlie eloctrlc char^^e and a_ 
is the distance bctv7cen char[;cs. 

07 1 05S 06 define the torque on a dipolc' by 

T = p X 

07 1 058 07 calculate the dipole inomsnt from its charge 
and separation distance. 

07 1 058 08 define the torque on a dipole as the derivative 
of the v?ork with respect to the angular 
displacement, 

de 



07 1 058 09 



recall that for distant points along the 
dipole axis, the electric field varies as 
the Inverse of the distance cubed. 



.^1 ' • 



07 .1 059 00 1].,. (>nc>:v.y y,U^r.:C ;:r, i-lccirlc 

07 1 0:;9 01 roc;"/] J t r-;i:: \;or!i on by ri-. C:l.octr:ic 

field c:^!ii ])c- cillur ];o;»iL:Lvo or n^'v^alivo, 

07 1 059 02 rcccilJ tli-t. lli^t e:-:jn-c\':^ion foi: \:or]:. do;i;? 

by a lunija i.rtln?, lliruiigli ax; iin^'ulnr 

dl7 = 1 dO . 

07 1 059 03 ^*r:cel..l that the- Li.nxii;;UTr potential energy 

orio.n irition of a dipoJc occurs v.-iicn Uic dipole 
monveuL is X50 dcgiees to tlie electric iieJ.d. 

07 1 0"59 O'l v;ritc the expressioii for tlic poLontj.al 
energy of a dipole as 

U = . • 



ERIC 



07 V or.0 00 c;ilc:v]Me the cdcctric fl-ld ]>cji;t ny 



t. 1 



07 2 0C>0 01 recalJ t]\:\l tUc elc clric fic]r! c-u- to n Icn^. 

uniforinily clinrv.rd p] olO ir> o/2g , 

o 

07 2 OCO 02 rec-ll that tv:o electric field vectors cm i.»e 

added at a point re^::^!-^ ] ess of the slicpe of the 
char-f-e distributions c^-esiur. ^^^t- tv:o fields. 



tr^jvc-] Ki:^: 'hi ail cj«-cir:Ic ricilc'. 

07 2 GGl 01 dctCjTrine. tlu': e::orc::-.:-:ion Toy t-]ic verLicrJ. 

deflect:!. on of n cjjnri--,i:-d p:-irticlc prtnc-clen 
horizontally al rirht: ?n[;;le? to a ml ^. clert-^-ic 
field. 

07 2 061 O:^ rccr>:^ i.^-t a co;,. .t elcctrjc fielo pruducci; 

con^ L.r.n t acccilcrntlcn of clia ri,'.cd partiicic-j . 

07 2 O&l 03 recalj Lh-ol tha velocity of a diar^^cd particle 
parrnlle] to tv7c parallel plate? vrill be 
constant - 



02 



belvc^n two ro^ni- i)i a cc:::acnl clccCrJc ficid, 

07 2 0C2 OJ recnlJ t].aL eJecLrIc fort-v- . c;rv c<v:^l cr;\tt: I vo . 

07 2 062 02 rol, = i:o: the v:uri: done c:i clKir^;c'c: par tie] e i.:>vcd 
in c-:n electric field to its ki^ictxc cner^'.y, 

07 2 0C2 03 recall thnc v:oj1; Jn clcdxic field is 
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V7 - / Eq-ds. 



07 2 052 04 recoil that the vorli donc-i dromcl a closed path 
in an electric field is zero. 



07 2 0G3 GO cn'} Qi^lrttc th- wir. red t^: v/'vc. ch^n';- 

field. 



07 2 063 01 rev^-.-.;ll tli'il for pr^Jnt dmrgc. L;--Jnf. r.ovod J-.^ iIk: 
directicn of llic f J eld of aiiotuer point caar^ ■:: , 
the v.'orl: by an o;'i---jdG n^^onl: It- cslculatcu by 



07 2 063 02 recall that for a point cliarrc licinf, rov^d in the 
opposite direction of t:ic field Vicrir v.a infinitely 
long, poaitivcl}- charged vrlre, tlie vork done on 
the Ciiargc is 



r A q 

j27TC„r 



dr 



09 1 06A 00 define electric flux through an^^ surface. 

09 1 064 01 recall that electric flux is a measure of 
the lines of force that cut through an 
arbitrarily specified, hypothetical surface. 

09 1 064 02 define the vector direction of a surface as 
the direction of a vector perpendicular to 
a surface. 

09 1 064 03 recall that electric flux c^ii be approximated 
by 

(J) = EE-As^ . 

09 1 064 04 recognize the analogy between fluid flow and 
flux. 



09 1 064 05 



recall that flux (symbol <{)) is a property of 
any vector field. * 



09 1 065 00 calculate the electric flux through any 
surface. 

09 1 065 01 calculate the electric flux through a surface 
parallel or perpendicular to the electric 
field. 

09 1 065 02 calculate the electric flux through a surface 
at an acute angle to the electric field. 

09 1 065 03 ' calculate the electric flux through a surface 
part of which is parallel and part of which . 
is perpendicular to the electric field, 

09 1 065 04 calculate the electric flux through a. half 
cylindrical shell* 

09 1 065 05 calculate the flux of fluid through a pipe, 

09 1 065 06 calculate the flux through a hemispherical 

shell whose flat surface is perpendicular to 
the electric field. 

09 1 065 07 calculate the flux through a hemispherical 
shell whose flat surface is parallel to the 
electric field. * . 

09 1 065 08 reqall that the magnitude and direction of 

the field vector must be known at every point 
on the surface In order to calculate the flux. 
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09 1 066 00 recognize that the electric flux through any 
closed surface is zero in the absence of a 
source within the closed surface. 

09 1 066 01 recall that flux is a scalar and may be added 
algebraically. 

09 1 066 02 define electric flux as positive when, for a 
closed surface', the lines of force point 
everywhere outward, ' - 
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09 2 067 00 

09 2 067 01 

09 2 067 02 

09 2 067 03 



09 2 067 04 

09 2 067 05 
09 2 067 06 

09 2 067 07 



apply Gauss's law. 

recognize that a positive cb irge acts as a 
source of flux and a negative charge acts as 
a sink of electric flux. 

recognize that a negative line of charge with 
a closed cylindrical surface acts as a sink 
of electrical flux* 

recall that the net flux through a closed 
surface can be found from 



where (J)^ Is the flux due to the positive 
charges and (f)_ is the flux due to the negative 
charges within' the closed surface, 

recall that Gauss's, law states that the 
electric flux through any closed surface is 
directly related to the algebraic sum of the 
charges enclosed, 

recall that a Gaussian surface is best defined 
as any closed surface, whether or not there i? 
a charge present, 

recognize that the general form of Gauss's law is 



recognize that the q term in Gauss's lev indi- 
cates the net charge enclosed by the Gaussian 
surface • 

recall that the electric flux through any closed 
surface is independent of the location of charges 
within the volume enclosed by the surface. 




09 2 067 09 



recall that for a charged, insulated conductor 
in electrostatic equilibrium, the electric field 
is zero everywhere inside the conductor. 
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09 2 068 00 Demonstrate the use of Gauss's law to determine 
the value of the electric field at a point. 

09 2 068 01 recall that Gauss -s law car le used to determine 
the value of the electric Held at a point. 

09 2 068 02 recognize that the most convenient Gaussian 

surface to determine the electric field around 
a point charge is a spherical surface, 

09 2 068 03 recognize that the electric field outside of a 
charged spherical conductor decreases as one 
over the radius squared. 

09 2 068 04 recall that for a spherical Gaussian surface 

surrounding a point charge at its center, E is 
constant every^-zhere on its surface, 

09 2 068 05 recognize that the electric field outside of a 

charged, spherical non-conductor decreases as one 
over the radius squared. , 

09 2 068 06 use Gauss's law to demonstrate that the field 

inside a Uniformly charged non-conducting sphere 
can be found by ■ ' 
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09 2 068 07 recognize that the electric field inside of a 

charged spherical shell is zero, , 

09 2 068 08 describe th^ Thompson atom as a sphere of radius 
10"^ ° m with the positive charge distributed 
throughout: the atom. 

09 2.068 09 - describe the Rutherford atom as a sphere of radius 
. 10" m with the positive charge concentrated in 
the nucleus. 
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09 2 069 00 use Gauss's law to. determine the distribution of 
charges in a conductor. 

09 2 069 01 recognize that the charge from a previously charged 
metal ball touched to the inside surface of a 
conducting can will reside on the outside surface 
of the can. 

09 ^ 069 02 recognize that a pith ball introduced into a 

charged conducting pail will have no electric forces 
acting upon it. 

09 2 069 03 define the symbol p (rho) as the charge per-unit 
volume, 

09 2 069 04 define a uniform, spherical charge distribution 

as one in which the charge density p is independent 
of the orientation or distance from the center of 
the sphere. 

' 09 2 069 05 recall that- the symbol X (lambda) is used to represent 
the linear charge density. 

09 2 069 06 recall that the surface charge density on a conductor 
may vary from point to point depending on the shape 
of the surface of the conductor. 

09 2 069 07 demonstrate that excess electric charge resides on 
the surface of a conductor. 
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09 3 070 00 

09 3 070 01 
09 3 070 02 

09 3 070 03 
09 3 070 04 

09 3 070 05 



demonstrate graphically the variation of the 
■ a."Sut.t^^ ''''' 

recognize the variation of the electric field 
wxth distance from a charged conducting sphere. 

dL'tff variation of the electric field with 
cylxX'. ""^ ' non-conducting 

distanc'e'fr'o' T'"''"" °' '""^ ^^^^'^-^ '^^^^ -^h 
distance from two concentric, equally charged spheres, 

recognize the variation of the electric field 
lylLder!^"'' ' ^'^^S^^' conducting ' . 

recognize the variation of the electric field wit-h 
distance from a uniformly charged, no^^cf^ductinT 
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10 1 071 00 define electric potential difference between 
two points, A and B, as the work per unit 
charge that must be done to move a positive 
test charge from A to B, always keeping the 
charge in equilibrium. 

10 1 071 01 recall that the electric potential is 

determined between points A and B by the 
equation, 

^AB 

^ ^ qo 

10 1 071 02 recognize that the work term appearing in (01) 
may be positive, negative or zero. 

10 1 071 03 define electric potential at a point as the 
potential difference between the point and 
infinity, infinity taken as the zero reference. 

10 1 071 04 recognize that the work and consequently 
the potential difference Vg - appearing in 
(01) to be path independent. 
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10 1 072 00 answer questions and solve problems dealing 
with the electric potential due to a point 
charge. 

10 1 072 01 ' calculate the electric potential due to a 
point charge. 

10 1 072 02 identify the volt as a joule per coulomb. 

10 1 072 03 recognize that the equipotential surfaces of 
a point charge are concentric spheres. 

10 1 072 04 calculate the charge which produces a given 
value of electric potential at a specific 
point in space. 
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10 1 073 00 answer questions and solve problems dealing 
with the electric potential due to a system 
of point charges. 

10 1 073 01 calculate the electric potential due to a 
system of two or more point charges. 

10 1 073 02 derive -the potential due to a dipole at a 
distance far away from it. 

10 1 073 03 calculate Ey when the potential due to a 
dipole is given. 

10 1 073 04 recognize that the amount of work one has to 
do in bringing a test charge to a distance x 
from a dipole along the perpendicular bisectoi 
of the dipole axis is zero. 

10 2 073 05 derive the electric potential due to a 
quadrupole at distance r on its axis. 

10 2 073 06 calculate the electric field intensity E at a 
distance r from the quadrupole on its axis- 
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10 1 074 00 answer questions and solve problems dealing 

with the electric potential due to a continuous 
charge distribution, 

10 1 074 01 calculate the electric potential due to a 
continuous , line , charge distribution . 

10 1 074 02 calculate the' electric potential in the region 
between two infinite, conducting, charged 
sheets. 

10 1 074 03 calculate the distance between equipotential 

surfaces whose potentials differ by the given . 
voltage In the region between two infinite 
conducting, charged sheets. 

10 1 074 04 calculate the electric potential due to a 
uniformly charged ring. 
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10 1 075 00 solve problems and ansv/er questions on the 
relationship between electric potential and 
electric field intensity.- 

10 1 075 01 recognize that the electric field in the 

direction of X is derivable from the electric 
potential by the relation 




10 1 075 02 calculate the electric field intensity at a 

point along a given direction when the electric 
potential is given as a function of distance. 

10 1 075 03 identify graphically the relationship between 
electric potential and electric field 
intensity. 
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10 2 076 00 answer questions and solve problems concerning 
electric potential energy. 

10 2 076 01 specify that the electric potential energy of 
a charge distribution represents the work to 
establish a specific charge distribution. 

10 2 076 02 deteoiine the electric potential for a system 
of more than two charges by computing the 
electric potential energy for each additional 
charge separately and adding results 
algebraically. 
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10 2 077 00 answer questions and solve numerical problems 
involving the physical significance of 
electric capacitance. 

10 2 077 01 recognize that the capacitance of two equally 
charged conductors separated by a non- 
conductor is defined as the ratio of the charge 
on either conductor to the electric potential 
■ difference between them, C = Q/V. 

10 2 077 02 show from the definition of capacitance that 
the unit of capacitance is the farad (F) , 
which is a coulomb per volt. 

10 2 077 03 • calculate the charge on a plate of a 

capacitor when its capacitance and the potential 
difference across its terminals are given. 
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10 2 078 00 answer questions and solve problems involving 
the capacitance of a parallel-plate capacitor 
having two plates each of area A, separated 
by a distance d in vacuum. 

10 2 078 01 write the expression E = q/Aeo for the electric 
intensity between two equally charged plates 
(opposite sign) in a vacuum. 

10 2 078 02 recall that the electric potential difference 
of a pair of e^'ually charged parallel 
conducting plates is given by 

V = Ed . 

10 2 078 03 write that since C = Q/V the expression for 
capacitance for two equally charged plates 
becomes 

C = Q 

d • 

10 2 078 04 calculate the capacitance of a parallel pJate 
capacitor when the area of the pla-te and the 
separation betv/een two plates are jgiven* 



79 



10 2 079 00 solve problems involving capacitors with 
various conductor-pair geometries and the 
corresponding capacitance. 

10 2 079 01 calculate capacitance of a capacitor consisting 
of two concentric, conducting, hollow spheres 
with radii r and R, respectively, 

10 2 079 02 calculate the capacitance of the earth, 

viewed as an isolated conducting sphere with 
a radius of 6400 km. 

10 2 079 03 calculate the capacitance of a capacitor 
formed by two concentric hollow cylinders 
with length Jl, having radii ja and b^, 
respectively. 



{ 

o 
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11 1 080 00 solve descriptive and numerical probloms in- 
volving cnpacitors in scries and parallel 
combinations. . (Note: All interconnecting 
wires are re.sistanceless . ) 

11 1 080 01 define the equivalent capacitance of a ,coin~ 
bination of capacitors as that capacitance 
V7hich could replace the original combination 
in any c-lcctrica\ circuit without changing 
circuit operation, ■ 

11 1 080 02 recognize that the potential difference across 
any capacitor in a parallel combination is 
the same as that across every other capacitor 
in the combination, 

11 1 080 03 calculate the equivalent capacitcince of a ' 

number of capacitors all connected in parallel, 

11 1 080 04 recognize that the sum of the potential 

differences across a group of capacitors in 
series is equal to the potential difference 
across the combination , 

11 1 080 05 recognize that the charge stored by a series 
combination of capacitors is less than that 
charge that would be stored by r. :iy of the 
elements of the combination if the same po- 
tential were applied across it. 



11* 1 080 23 derive the equation v/hich shov7S that the 

equivalent capacitance of any number of 

capacitors in parallel is the sum of the • 
I individual capacitances. 

11 1 080 25 derive the. equation giving the equivalent 
capacitance of any number of capacitors in 
series as 



.11.11' 1 
C C3 c. 

11 1 080 35 state that the equivalent series capacitance 

is alv/ays smaller than the smallest capacitance 
in the group. 



8.1 



11 1 081 00 sliow the steps in deriving the capacitor energy 
equation 



U ^ i CV 
2 



where U is the electrical energy stored in the 
electric field, C is the capacitance, and V 
is the potential difference across the plates. 

11 1 081 01 state that any charge configuration has an 

electric potential energy U equal to the work 
W required to assemble the configuration from 
its components originally taken as infinitely 
far apart and at rest, 

11 1 081 02 state that, if a charge q is moved from one 
plate to the other of an initially uncharged 
capacitor, the potential difference across 
the capacitor V7ill be 

V> q^/C . 

11 1 081 03 state that, If an additional increment of 
charge dq is moved from one plate to the 
other of a capacitor across which a potential 
difference V = q^/C already exists, the V7ork 
increment will be 

dw - (qo/C) dq . 

11 1 081 04 recognize that, if in a capacitor the charging 

process is carried out until a charge Q has been 
tram, erred from one plate to th^ .other, the 
total work done is given by 

. rQ • 

W = / (q/C) dq . 
11 1 0'6l 05 integrate the expression 

rQ • 

W = (q/C) dq . 
■Jo 

to obtain 

«.i2l. 

2 C 



11 1 081 06 use the relation Q CV to change 

V7 = (1/2) (qVc) 

to the form 

W - (1/2)' CV^ . 

11 1 081 07 recognize that the v7ork clone in charging 
a capacitor (W - (1/2) qVc = (1/2) CV^O 
is stored in the capacitor as electrical 
energy. 
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11 1 082 00 analyze fully any capacitative circuit; 

that is determine tlie equivalent capacitance, 
the charge in each capacitor, the potential 
difference across each Ccipacitor and the 
energy stored in each capacitor. 

11 1 082 01 determine the equivalent capacitance of a 
circuit consisting of capacitors connected 
in se/ries and in parallel. 

11 1 082 02 determine the total charge supplied by a 
• battery to a circuit of capacitor whose 
equivalent capacitance has .been computed. 

11 1 082 03 determine tlie charge stored in each of the 

capacitors in a capacitative circuit knowing 
the total charge supplied by the^battery. — • 

11 1 082 04 determine the potential difference across 

each of th6 capacitor in the circuit of the 
foregoing problem. 

11 1 082 05 determine the energy stored in each of the 
capacitors of the above circuit. 

11 1 082 06 analyze the situation in which the battery 
is removed from the above circuit and a new 
capacitor connected in its place. In partic- 
ular find the charge in the new capacf^cr. 
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11 1 083 00 predict the effect of adding a dielectric of 
knovrn dimensions and material to a vacuum 
capacitor in both '-V.:' '^ptive and quantitativo 
-situations . 

11 1 083 01 state that when dielectric is placed between 
the plates of a chcirged capacitor it is 
pulled into the gap by attractive forces. 

11 1 083 02 select from a list of alternatives the cha- 
racteristics of a dielectric. 

11 1 083 03 recognisie that when a dielectric is inserted 
into an isolated charged capacitor, the 
potential difference across the capacitor 
drops . 

11 1 083 04 vzrite the capacitance equation for a parallel- 
plate capacitor V7ith a dielectric of constant 
K as ■ ' 

KEoA 



C - 



in which E = permittivity constant of free 
space , 
A = plate area, and 
d = plate separation, . 

11 1 083 05 calculate the capacitance of a capacitor of 
knov7n air capacitance x^hen the capacitor is 
immersed in oil of given dielectric constant. 

11 1 083 06 calculate the ratio of potential differences 

across two identical capacitors given identical 
.charges if one of them is filled with a di- 
electric of knoxm K. 

11 1 083 07 state that the. induced surface charge on a 
dielectric tends to decrease the electric 
■field betV7een the plates of a capacitor by 
a factor of K. 

' ." * VS: -A: ' ■ 



11 1 083 23 j. .cate that, when tv capacitors of identical 
dimensions, one us'^: ^ -vacuum and the other a 
material dielectric vi. dielectric constant K, 
are given Li>e same charge, then V = V /K where 
V is the potential difference across the ca-- 
■ pacitor V7ith dielectric and V is" the potential 
difference across the vacuum capacitor. 



83 (contO 



11. 1 083 24 define the dielectric constant K of a 

material as the ratio K = C^/C^ , where 
= capacitance with dielectric and 
= capacitance without dielectric. 
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11 2 08^1 00 discuss the iinturn of the electric cmu'ent ou6 
the units used to iticrisure It. 

11 2 084 01 recall that elecrron.s are in random inotiun in 
an isolated inc^tallic conduct.or so that the net 
directed motion in any direction is ^erc. 

11 2 08A 02 recal] that the electrons in an isolated inel-nl- 
lic conductor placed in an electric field re- 
arrange themselves to produce a field*-free 
region in the interior of the conductor. 

11 2 084 03 state that any excess charge on a conductor, 

regardless of its sign, will distribute itself 
uniformly throughout the surface of the con- 
ductor . 

11 2 084 04 state that a continuous current will be present 
in a metallic conductor if a continuous fie].d 
or potential gradient can be maintained vithin 
it. ^ 

11 2 084 05 recognize that a battery or chemical cell can 
produce such a continuous field or potential 
gradient in a metallic conductor V7hen properly 
connected to it. 

11 2 084 06 give the direction of motion of electrons in 
a metallic conductor as being opposite to the 
direction of the electric field vjithin it (or 
the potential gradient). 

11 2 084 07 state that the magnitude of the electric current 
is equivalent to the rate of transfer of charges 
past a given point in the conductor or i - dq/dt 
vhere i = current, dq/dt = rate of transfer of 
charge. 

11 2 084 08 recognize that one aiiipere of current is the 

equivalent of one coulomb of charge per second 
passing a given point in a conductor. 

11 2 084 '09 define current density (j) as j - i/A v/here A 

is- the cross-sectional area of the conductor in 
which tlie current is uniformly distributed. 

11 2 084 10 so].Ye a problem in v;hich the cu7:rent density 

in a V7ire of kno\vn diameter is to be determined 
given the value of the steady current through 



11 2 085 00 define and use rosisl ivitv and resi^ M.iiCe in 
the soliition of verbal and .nur.:cri<-al prohlerj:: 
involviny; sii;:[iltj elecLric circuits, 

11 2 085 01 define the resists a (R) of a specifnc con- 
ductor as the ratio of the potentinl difference 
(V) applied across tv/o points on it and tlie 
current (i) v/iieh tlien appears in it; that is, 
R = V/i. 

11 2 085 02 define the. resistivity (p) of. a conducting, 

material as the ratio of t'ne electric intensity 
(E) and the current density (j) or p = E/j, 
provided that the material is electrically iso- 
tropic, 

11 2 085 03 derive, using E = V/£ andj = i/A, the re- 
lationship R = p (i/A) v/here P. = length of 
conductor and A = cross^-sectional area of con- 
ductor . 
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11 2 036 00 apply Ohm's lavj to the solution of probloi'is 
for vrhich tlils lav; 1?. suited, (Th?jt ds, for 
v':onductor.s v?hose retiistanco is Independent of 
voltac^-i or current). 

11 2 086 01 define a lii^f-nr conductor or cixcjit one 
in which the resistance is independent of 
voltage or current. 

11 2 086 02 recognise that R ^ V/i consistently defines 

resistance v;hether the conductor is linear or 
non-~linear . 

11 2 086 03 determine the voltage applied across a linear 

circuit given data which peritiits the calculation 
of resistance and current. 

11 2 086 04 determine the current in a linear circuit 
given the voltage and resistance. 



12 1 087 00 describe the action and function of a source of emf 
in a simple electric circuit. 

12 1 087 01 define a source of emf as a device that is capable of 
maintaining a potential difference between t\^o points 
to which it is atta d. 

12 1 087 02 list a dry cell, a storage battery, and a generator 
(dynamo) as cojiinon seats of emf. 

12 1 087 03 state that the emf e of a seat may be detined from 

e = dW/dq where dW is the work done by the seat on a 
charge dq . 

12 1 087 04 identify the types of energy transfers and the device 
which makes e^ch conversions. 

12 1 087 05 recall that an emf is a device in which the energy 
transfer is theoretically reversible • 
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12 1 088 00 recall Joule's law: in an. electric circuit containing 
linear elements (R independent of i) , the rate of 
development of heat (H) is directly proportional to 
the square of the current or 

dt 

12 1 088 01 recall that the amount of energy transformed in moving 
a charge fj^ora a^ to is given by dU = dq V^^^ in which 
dq is the transferred charge and V^i^is the potential 
difference between a^ and b^. 

12 1 088 02 recognize that power, time-rate of energy transfer, is 
described by dU _ . ^ 

dt ab • 

12 1 088 03 recall that for a resistor R = ? and therefore that the 
rate of heat production may be tS^ritten 

p = M = in = i^R which is Joule's law. 
dt dt 

12 1 088 04 recogni that Joule's law applies unly to resistors and 
may be i ten in any one of three ways: 

p e i^r 
2 

P =^ 
R 

P = IV . 



12 1 089 00 solve typical problems involing Joule's law. 



12 1 089 01 solve problens in which the current and rate 
of heating in a resistor are given to ff.u-i 
the resistance. 

12 1 089 02 solve a problem in which are given 

(a) the voltage across a wire 

(b) the length, gauge and material of the wire 
to find the rate of Joule heating. 

12 1 089 0.3 solve a problem in which are given 

(a) the rated pox^er dissipation of a resistor 
at a given voltage 

(b) a new voltage to which the emf drops in 
order to find the percentage drop in heat 
output at the new voltage assuming constant 
R. 



12 2 090 00 calcula i the cur-rent in single loop resistive 
circuits, given the required circuit constants • 

12 2 090 01 recall the expression relating circuit current 
to emf and resistance, i.e., i = e/R. 

12 2 090 02 recognize that a specific point in a single 
loop circuit can have only one potential at 
at any time with respect to a given reference. 

12 2 090 03 state that the algebraic sum of the changes in 
potential encountered in going once around a 
single loop c?^cuit must be zero. 

12 2 090 04 write the loop equation including the internal 
resistance of the seat of emf, i.e., e-ir-iR=0, 
where r=internal resistance. 

12 2 090 05 solve a numerical problem involving a single- 
loop, single resistor circuit for which are 
given e, i, and R to find r (internal 
resistance). 

12 2 090 06 solve a numerical problem involving a single- 
loop, single resistor circuit for xjhich are 
given i, r, and R to find e. 

12 2 090 07 state the sign conventions- for Voltage drops 
and emf's as follows: 

1. the voltage drop is positive (+iR) if 
a resistor is traversed opposite to 
direction of conventional current: 
negative (-iR) if traversed in some 

. direction. 

2. the emf is positive if the seat is 
traversed in the same direction as its 
emf: ne gative (- e) if the seat is 

traversed in the opposite direction. 
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12 2 091 00 solve problems involving resistors in series, parallel, 
and series-parallel combinations when only one seat of 
emf is present in the circuit. 

12 2 091 01 state that the potential difference across each resistor 
in a parallel circuit is .the same. 

12 2 091 02 state that the value of the current in each resistor of 
a series circuit is the same. 

12 2 091 03 recognize that the currents in any two elements of 
a parallel circuit are inversely proportional to 
their resistances or la/^z Ra/^i- 

12 2 091 04 recognize that the voltage drops across any two 
elements of a series circuit are directly pro- 
portional to their resistances cr ^i/^z ^ Ri/R?- 

12 2 091 05 determine, the equivalent resistance of a series 
circuit, 

12 2 091 06 determine the total ciirrent in the seat of emf of 
a series-parallel circuit. 

12 2 091 07 determine the voltage drop across each vesistor 
of a series-parallel circuit. 

12 2 091 08 determine the equivalent resistance of a parallel 
circuits 

12 2 091 09 determine the current in each resistor of a series- 
parallel circuit. 
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12 2 092 00 answer questions relative to the methods of application 
of Kirchhoff's rules to electric networks. 

12 2 092 01 recognize that Kirchhoff's first rule implies that no 
charge can ever accumulate at a branch point; i.e., 
conservation of charge. 

12 2 092 02 recognize that the direct basis for Kirchhoff's second 
rule is conservation of energy. 

12 2 092 03 state that the sign convention to be used calls for 

assigning a plus (+) sign to a current which approaches 
a reference branch point and a minus (-) sign to a 
current which leaves the reference branch point. 

12 2 092 04 identify the branch points and loops in a typical 

electrical network containing at least two seats of 
emf and at least three loops. 
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12 2 093 00 apply Kirchhoff *s rules to the solution of 
numerical problems ranging from simple to 
more complex multiloop networks. 

12 2 093 01 solve problems. with numerical values 
assigned to all e's and R's with the 
loop current being unknoxm. 

12 2 093 02 solve multiloop problems with mumerical 
values assigned to all e's an R's with 
the loop currents being unknoi-m. 
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12 3 094 00 answer questions and solve problens 

relating to the construction and use of an 
anuneter in measuring electric current. 

12 3 094 01 recall that an ideal ammeter would have zero 
resistance 

12 3 094 02 recognize that a shunt resistance is connected 
across the coil of an ammeter to modify the 
ammeter to read higher currents. 

12 3 094 03 recognize that an ammeter must be connected in 
series with the portion of the circuit at 
which the current is to be measured. 



12 3 095 00 answer questions and solve problens 

relating to the construction and use of 
meters for measuring potential difference. 

f 

12 3 095 01 recall that a voltmeter will generally consi 
of a galvanometer with a high resistance 
connected in series with thd coil. 

12 3 095 02 recognize that the potentiometer is a 

null instrument; i,e.j it makes measurements 
» by giving. a zero reading. 
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12 3 096 00 answer questions and solve problems 

relating to the measurement of resistance 
by means of a Wheatstone bridge • 

12 3 096 01 recognize that the VJheatstone bridge can 
be used to measure unknom resistances 
with great precision, 

12 3 096 02 recall that for a VJheatstone bridge 
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13 1 097 00 answer qualitative questions referring to the 
nature of a magnetic field. 

13 1 097 01 state that a magnetic field is said to exist 
in a given region of space if a direction of 
motion of an electric charge through this 
region can be found such that the moving 
charge experiences a force over and above any 
electrostatic or gravitational forces. 



* * * 



13 1 097 21 state that a magnetic field must be described 
in teinns of a vector quantity which gives its 
intensity and direction. 

13 1 097 31 recognize that a magnetic field may be mapped 
graphically by means of lines of magnetic 
"force" in a manner similar to that used to 
map an electric field. 
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13 2 098 00 answer qualitative questions relating to the 
magnetic induction ve.ctoT 

13 2 098 01 define the magnitude of the magnetic vector B 
through a given point in a magnetic field as 

B = 

q v 

^o 

where = magnitude of force acting on charge 
q moving at right angles through the field 
with velocity v. 



* * * 



13 2 098 21 state that the basic magnetic field vector B is 
variously known as the magnetic induction vector 
or the magnetic intensity vector, 

13 2 098 31 indicate that lines of magnetic ind^uction give a 
graphic representation of the way B varies 
throughout a given region of space. 

13 2 098 41 state that the tangent J^o a line of induction 
gives the direction of B at that point. 

13 2 098 51 recognize that lines of induction are drawn so 

that the number of lines per unit cross-sectional 
area is_^proportional to the magnitude of the 
vector B. 

13 2 098 61 define the direction of the magnetic vector B 

through a given point in a magnetic field as the 
line along which an electric charge may move 
through the point without experiencing a force. 



ansvjer definitive questions relating to 
magnetic flux ({)„, and exhibit complete 
familiarity with the various MKS units for B 
and i)-^ . 

define magnetic flux <^ across a surface as 
the surface integral of the normal components 
of B over the surface or 



recognize that for the special case in which 

B is uniform and at an angle 9 to. a finite area, 

flxix is given by d) = IbI IaI cos (6). 
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13 1 100 00 solve numerical problems involving B, and 
related quantities such as force on a moving 
charge, magnitude of moving charge, and 
velocity of moving charge. 

13 1 100 01 recall that the direction of the force on a 
moving charge in a magnetic field is 
perpendicular to a plane formed by the vectors 
V and B. 

13 1 100 02 recall that when a charged particle moves 
through a region in which both an electric 
field and a magnetic field are present, the 
resultant force is found by 

->■ ^ 

F=qE + qvXB . 
^o ^o 

13 2 100 03 recall that the force on a moving charge in 
a magnetic field is found from 

F = q v X B . 

o 
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13 3 101 00 answer questions relative to the magnetic 
field of the earth - 



13 3 101 01 recognize that the horizontal component of 
the earth's magnetic field is generally 
directed northward in both hemispheres. 

13 3 101 02 recognize that the vertical component of the 
earth's magnetic field is generally directed 
downward in the northern hemisphere and 
upward in the southern hemisphere. 

13 3 101 03 recall the horizontal and vertical variation 
of the earth's magnetic field as you travel 
from the magnetic equator to the magnetic 
poles. 

13 3 101 04 define declination as the error in degrees 

from true north to which the magnetic compass 
points. 

13 3 101 05 define inclination as the angle of a dipping 
magnetic needle below the horizontal. 

13 3 101 06 calculate the eastward, northward, eind vertical 
components of ^. 
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13 1 102 00 apply the fundamental equation for the force 
acting on a current-carrying conductor 
immersed in a magnetic field 

F = iJl X B . 

13 1 102 01 recognize that the force on a current-carrying 
wire in a magnetic field is equal to 
F = il^j^ where Bj^ is the coraponent of B normal 
to the rod, 

13 1 102 02 recall that the magnitude of the force on a 

current-carrying condactor in a magnetic field, 
is independent of the area of the conductor. 

13 1 102 03 apply the right-hand rule to find the direction 
of the force on a current-carrying conductor 
in a magnetic field. 

13 1 102 04 recall that the force on a small element of 
wire is given by 

dF = idt X B . 

13 1 102 05 solve for the force on a current-carrying 
conductor where the magnetic field is not 
perpendicular to the conductor. 

13 1 102 06 solve foi the force on a current-carrying 
conductor where the magnetic field is not 
constant in magnitude. 
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13 1 103 00 apply the equation for the torque on a current- 
carrying loop in a magnetic field, 

13 1 103 01 recall that the magnitude of the torque on a 
current-carrying loop is 

T = iSB sin9 . 



13 1 103 21 recall that for more than one loop the magnitude 
of the torque can be found by 

T « NiSB sine . 
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13 1 104 00 describe the oper^ anometer in 

terms of force or . -ing wire 

in a magnetic fit 

13 1 104 01 recognize that a D,C, motor, a voltmeter, 
and an ammeter all operate on the same 
principle. 



13 1 104 21 define a galvanometer as a device for measuring 
electric currents. 
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13 1 105 00 describe the operation of a B.C. motor in terms 
of force on a current-carrying wire in a. 
magnetic field. 

13 1 105 01 demonstrate the direction that a sii-^^le-loop 
motor will turn. 

13 1 105 02 recall that the magnitude of a magnetic dipole 
moment of a current loop is 

y = NiS • 

13 1 105 03 calculate the torque on current loops in a 
uniform magnetic field by 

T = y X B . 

13 1 105 04 recall that the potential energy of a current 
loop in a magnetic field is 

u = -y-B . 

13 1 105 05 recall that the average value of the torque for a 
D.C* motor of N loops is 



^ ^ 2N^AB ^ 



13 2 106 00 ansv7er questions and solve problems involving 
the circular orbits of charged particles in 
a uniform magnetic field. 

13 2 106 01 recognize thin' or a charge particle moving 
perpendicuV n magnetic field, 

qvB = . 
r 

13 2 106 02 recall that the frequency of revolution of. a 

charged particle moving in a magnetic field is 

27rm 

13 2 106 03 recall that the radius of the circular orbit 
of a charged particle moving in a magnetic 
field Is given by 

13 2 106 04 showr:±hat charge partfcles of equ;ul momentai 
desnrn^be orbits of tl^same size. 
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14 1 107 00 describe the magnetic field around a straight, 
current-carrying conductor. 

14 1 107 01 recognize that ths magnetic field lines around 

a straight current-carrying conductor are circular 
in a plane perpendicular to the conductor, 

14 1 107 02 recall tha? 'f the thumb of the right hand points 

'Irti Lon of the current, the fingers will 
L in the ^ame sense as the magnetic field lines. 



< 
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14 1 108 00 usH tf%f=^nnatheniatical statement of Ampere's law in 

the:SD2llaition of qualitative and quantative problems, 



4 



14 1 108 01 rersIEL-Xhat the symbol i in Ampere's law represents 

thfiEnfflst:: current enclosed by the contour of integration, 

14 1 108 02 reci^nili^that the value of the permeability constant, 
u , fe-^tr X lO"*^ T-m . 

_ 

14 1 108 03* raoE^sErze that Ampere's law is 

||iB-d£ = y^i 

14 1 108 04 calfeiEEiSitE the net current enclosed by £ path if the 
mag^Etfiin field in the region is given. 



14 1 109 00 derive the equation for B at a point which is a 
distance r from the center of a long cylindrical 
conductor whose radious R radius is greater than 
r . 



14 1 109 01 use the current density to determine that amount 
of current that passes through the circular path 
of Ampere's law. 

14 1 109 02 recognize that if no net current passes through 

the circular path of Ampere's law, then the value 
of the magnetic induction is zero. 

14 3 109 03 choose the best graph of the magnitude of the 

magnetic induction as a function of distance from 
the axis of a cylindrical shell of kno;m inner and 
outer radii. 



14 1 110 00 



Analyze problems involving the force between two 
parallel wires as given by 



^' 2TTd 

14 1 110 01 recognize that the magnetic field produced by a 
wire exerts no force on the wire itself. 

14 1 110 02 recall that the magnetic field of one wire is • 



14 1 110 03 recall ±hat ±he f oree ;,.on one:.J2C- two parallel wiises 
is related xsd the ma^etic SeM of the other by 



14 1 110 G4 recognize ttet parallel currents attxact each other, 
and antipangriel currsnts rs^el each other. 
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14 3 111 00 define the MS current unit, the ampere, in terms 
of the force between parallel wires carrying equal 
currents . 

14 3 111 01 recall that one ampere is that current whir' 
present in each of two parallel conductors of 
Infinite length and one meter apart in empty 
space, causes each conductor to experience a force 
of e:xactly 2 x 10"*^ N/m of length. 

14 3 111 02 calrculate the magnitude the force per unit 

leagth between parallel conductors separated by 1 m 
which carry a currEmt of _1. A each. 
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14 2 112 00 use the expression for the magnetic induction ::hin 
an ideal solenoid to solve quantative and qualit.:^U'e 
problems. 

14 2 112 01 recognize that in the formula for the magnetic induc- 
tion inside an ideal solenoid, n is the number of turns 
for unit length. 

(B = n]S^i) 

14 2 112 02 recall that the magnetic induction witkin a toroid is 

14 2 112 03 select the best graphical representation of the magnetic 
indiaction on the plane of a toroid as a function of 
"distance from the center- 
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lA 2 113 00 interpret and apply the Biot-Savart law for the 
magnitude of the magnetic induction. 



lA 2 113 01 ■ recall that the Biot-Savart law states that 

dB ^ 
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14 2 113 02 use the Biot-Savart law to find an expression 
for the magnetic induction at the center of a 
circular current loop. 

14 2-113 03 use the Biot-Savart law to calculate the 

magnitude of the magnetic induction at a point 
due to a segment of wire. 



14 2 114 00 



answer questions and solve problems relating 
directly to Faraday's law of Induction. 



14 2 114 01 use the unit of magnetic flux, the weber, and 

the unit of time as the second to find the unit 
of induced emf to be the volt. 

14 2 114 02 recall that Faraday's law of induction is 

d$B 



E = 



dt 



14 2 114 03 recognize that d$g/dt can occur if either B 
changes in magnitude or direction, or if the 
area of flux changes. 

14 2 114 04 recognize that the density of the lines of 
induction increases as one approaches the 
poles of a magnet. 

14 2 114 05 recall that the density of the lines of induc- 
tion increases with the strength of the magnet. 

14 2 114 06 recall that a steady state current will not 

produce a changing flux consequently the induced 
current will be zero. 

14 2 114 05? calculate the electric field at a point inside 
the region where the magnetic field varies with 
time, 

14' 2 114 08 calculate the electric field at a point located 

at a distance r from the center of the cylindrical 
region with radius R (r>R) in which a magnetic 
ieldji is varying with time. 

14 2 114 09 . calculate the magnitude of the instantaneous 

-'acceleration experienced by an electron placed 
in a time-varying magnetic field. 



14 2 115 00 apply Leu. law to determine the direction of an 
induced emf ii: various induction situations. 



14 2 115 01 recall that an induced ^.mf is always such that it 
opposes the change of the current producing it. 

14 2 115 02 recall that the induced current will flo\^ in such 
a direction as to appose the change that produced 
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14 2 116 00 solve 'pfobTei?r using the expire sl'^i-t-::^ for the magnitude 
of the induced curreat in a loop moving in a TXicgnetic 
field. 

14 2*116 01 recall that the induced emf in a loop moving through a 
magnetic field B at a velocity v is 

e = -BAv 

14 2 116 02 recognize that the current in a loop moving through a 
magnetic field B at a velocity v is 

i = -BAv/R 

14 2 116 03 show that the power to move a loop through a magnetic 
field B at a velocity v is 

' P = bH^v^/R 



15 1 117 00 clcr:ivc llio. dcflnlnR cqiuiLlon fur Jnclucfnnco. L, and 
csLablJsli Llio i.K'.anin^; of Lhc bcnv^ «m« a unJ.L of 
Inductance.. 

15 1 117 01 eGtal)l:i.sli Llio. rc'laL*ionf.;l):I.p botvoen Inchictauc.c 1. 

and fUix lliikaye N<^j. v/l Lh jL as Clie currunL vhicli 
caiisen tlio flux. 

15 1 117 02 define InducLyncc L in t:cw;ins of the oiuf c produc(Kl 
by a timc-'va3:yinf', current i. 

15 1 117 03 calculate numerically tlie flux linked 1)/ t.lic coil 
v;hen its inductance and current are givon. 

15 1 117 04 define tlie unit of inductance in the MKS syslcns 
as the henry and nhow tluit it is the amount of 
inductance whicli V7i.ll give rise to a self-induced 
emf of one volt when the rate of change of current 
is one amp/sec, 

15 1 117 05 calculate the inductance of the coil v/hen the applied 
emf and the rate of change of current through it is 
given. 

15 1 117 06 calculate the self induced emf of a closely wound 
coil when its number of turns and self-inductance 
and tlie rate of change of c.irrent through it is 
given. 



15 1 117 07 



calculate the emf induced in the coil v/hen the rate 
of the change of current in the coil and the in- 
ductance are given. 
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15 1 118 00 calcuJalo tlio inducfcince of n lonp, solcnoiul bavJng n 
turns per unit length, lGn[;lh il and cross srjction'' 
A. 

15 1 118 01 recall that tlic inacnctic field in an ideal solenoid 
is [i^iny V7bcre n is Llic number of turns per unit 
length and recogni^ic tliat the magnetic flux in the 
so].enoid of cross: section A iy n^inA. 

15 1 lj.8 02 from the maonotic flux c|)-^ in the solenoid calculated, 
obtain the expression for the inductance of an ideal 
solenoid vjith n turns per unit lenj/,tli, length and 
sectional area A. 



15 1 .119 00 derive llie exprcs^sion for the power delivered 
when an emf is npp.li.Gd to a device with a self 
induction I, and a resistance R. 

15 1 119 01 recall that the electrical power delivered by 
an emf in a resistor w^itji current i is t±. 

15 1 119 02 froin the expression for electrical power ei, 

obtain the expression for the- power appliecl to 
cause a current rise di/dt, 

15 1 119 03 calculate the power delivered when an emf is 
applied to a device with an inductance L and 
a resistance Pv. 



]20 



15 1 I'.i) 00 



15 1 '.10 01 



15 1 120 02 

15 1 120 03 

15 1 120 04 
15 1 120 05 



ansvjc. 
the r:- 
carry* 

rcco^.iv. 
magncitJ 
so that: 
supply 
is inte ; 

recogni: 
(1/2) Li 
current 



calculat 
magnetic j 
of an indiu^ 

calculate ■< 
the iTiagne:: 

show that 
stored ir ' 



'i.s and solve problcirts relating to 
j!i.-n-gy sLorcd in an inductance L 
■i'ly current i. 

energy must be stored in the 
jf a cur]:ent carrying inductance 
<;] can induce an emf v;liicli can 
. closed circuit V7]ien the current 



l.lie amount of energy, lost 3£i 

r.n inductor vjith inductance L and 

' owed to d i s ch a r g e • 

' :::ount of energy stored in the 
v;hen an inductance and a current 
are given, 

nergy per unit volume stored in 
-cld in a closely wound solenoid. 

-magnetic energy per unit volume 
magnetic field in a closely wound 



solenoid its ^^al to 
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15 2 12 t 
15 2 121 '' . i 



ay;i:ci the gc :.:rr] KC -ircuit chargir 



.nizG that t" 
argc dq Is 



of v:cirk done 



-Lion 



edq = i' dt + d (q-/2C) 



15 2 .T" ..in cc-lcnlate the valiio .'if the resistance R v a 
capacitor V7hicii is Initially charged to ^■ 
nrrther charged to V and the current in wiu 
" .rcuit is given, 

15 2 12:^ 03 - alculate the change in the energy store J in ihc 
capacitor V7hen it is charged from to V. 

15 2 121 >4 -alculate the rate of change of the potctntial 

difference across the capacitor when it is balng 
T;:^iarged from to .V and the instantaneo-us current 
a is given, 

15 2 121, 95 tablish that the charge on the capacitor in a 

merging RC circuit is given by q = Ce (1 ~ e"t/P^^^) 
'SaxI that the charge x-n'l approach the equilibrium 
r*«*er t -> or R -> 0, 

15 2 IZm GB cEffferentiate q = Ce (1 - e"t/RC) ^o find the instan- 
-taneous current at time t and obtain 



i = = £ e"t/RC 
dt R 

15 2 121 m conclude from i = (e/R) e"^/^^ that the initial current 
fn a charging EC circuit is e/R. 

15 2 121 08 Bctate that the product RC for a given circuit is known 

tihe capacitative time, constant, 

15 2 121 09 sko-w that when the charging time is made equal to one 
tns^^e coiistant (t = RCO„ ±he, capacitor otLII as:sume a 
-cterge equal to 63% a£ irts equilibritmuipialue. 

15 2.121X0 . Ti^irn^r late the total •wismsk:..,done when am lan charged capaci- 
^ri£s charged by a caaMtjant emf thrcw^h a resistor to 
a ^-ottteantlal difference V. 



15 2 122 JO ?r of chur.-l^,^ curve- ( t and 

1 v:- . l ar« carc: ;all.y driiVu S;. p;;; corrtjct 

u - ,o:: axes but for vhich cnl: ^- given. 

15 2 122 01 ^^-v- . cjjpo M:..-':-anl: of the T.. circuit 

t ^ ::opr:Late c vrve. 

15 2 122 02 fc capacitr, :: je of the. KC .^ivuit: from 
the ;].r\i-:. 

15 2 122 03 J- Ic: source tM.J' from the cu <.cs. 



15 2 123 00 analyze the general RC circuil di&c1iarf,c c-.^c 
qualitatively and quantitatively. 

13 2 123 01 show that the equation for a discharging cl ..'tt; :. 

is iR + q/C = 0 by using tlie loop theorem. 

15 2 123 02 recop^aize that the charge on the fully ch:.r!:'?cl 
capacitor varies as q = g-t/RC ^jhcn it f.: 
allowed to discharge and the capacitor ch-:; r 
vjill be reduced to 37% of its initial c]iar_ aii 
one time constant. 

15 2 123 03 shovj that the 'instantaneous discharge curr- i 2. 

at any time t after discharge has begun is , I'i 

by i £ e-t/RC. 
R 



15 2 123 04 calculate the magnitude of the current just 

the charged capacitor starts to discharge wh^r-m 
values of resistance R., capacitance C and en. \' 
are given. 

15 2 123 05 calculate the magnitude of the discharging cnrxr^: 
after one time constant. 



qioj 1 1 a L 1 V e ly an J q u::. : ^ • 1 L o 1. 1 . . 

15 3 124 01 Wri lu the RL circruil- i iiaLior. Jor rnrrent s^xcr: 

i- '(c/R) .,^^1 ^r^:^^ rlu:- the qmoLfcrm 

.L/3. lor a given circu " : is Li,.: c^. the ind'j.ci:.ive 
t±r;f:^ cons'' nnt ox Ih? ::: liicu:! t-. 

15 3 124 02 show thnl the quctian:.. . "i/ii ife dinenslon ef 

tine. 

15 3 124 €3 Geniculate -f - In ari f_L c;ircuil: ^:r:iGn the induced en 

Qi: 

aci'voss the inducl:oT and th^ inductance L are [;ivr.. , 

15 3 124 04 calculate the magnitude anc dixection of the volt -, l' 
across the inductor in an circiiit at the inf^Lrj^ 
the svrltcfe is closed- 

15 3 124 05 recogniize that in an RL .cimrff:!: the current can 
approaxih the equilibrium vaZLtre only if t 

15 3 124 06 determine the current in an BSL circuit after 'c\7ar 

time constants v/fiten values of R, L and e are givmru. 

15 3 124 07 determine the indaiced emf across the inductsBGe 
after t\^7o time ccmstants whern valties of R, L atid 
are gi\?.en. 

15 3 124 08 deteiniiiine the raittze at v/hich the energy appears ^ 

Joule laBat on tiiEe resistor nt t\m time constanti: in 
an EL circuit i^dMi^ given R,. L and e. 

15 3 124 09 detEXEif:ne the equilibrium irrrrrrerit in an RL circuit 
vhea a battery is suddenly iitrroduced. 

15 3 124 10 calculate the magnetic enei^ stored in the mag^iFetic 
field when the equilibrimn cunreirt exists in tfee coil 
in the SL circuitL- 

15. 3 124 II ifirf the time it HakBs; t© re^-rii 50% of equilibsriisEEr 

tcunnent in the RIL ciinrnnrt af ter :2she switch is {[Djissed. 

15 3 124 12 Smd the time it ttake& to in^scSk 9S% of eqnilibniiiiirr 
'HnETgy stored in the i:ndu:ct3!5r after the switch ±s 
closed. 



15 i ...lyz-:j car'efullv dr. , ci:..rc-::i -- and vull:-. 

.:;•:?!>' curves for ■ , circuit: f{»r V'liLc^ uulLs 

given cm hath. :■ 

'ii. circuit from ^iii or boLii curves 
15 -V -u25 G. -:ei_craine the val u., L fc^r tlilF; lU. < " lil 

15 125 O:. :czil\ cul.p/C'c the xnduc-r ^r- v; iv. the JiL . '-Ti-ft Khon 
jiiiB resii 6*,t£.nce:; are ;:■ * ^n. 



1 



00 an.-.:l.>v^ tlic -c: -rr 1:^ lurj cut doci r oqu-i ion 
(qur:ilil:a lively :\:-y: ' laLlvvly, 

13 3 I2t;. 01 5:t:r,(:o that t]^ cq- Jiati dc:;c: i ..: tie 



:i't 



3 . 

3.5 3 i_: shew th-L if ci-e Li- cc^i^stant inl.exv.il elaj^s-- 

bGa:v7ccTi epeniz— tlic a^ltcli and curri.nt: reacH-;^ , 
thc' cur^-eni: vjilll l^r-: decayed to 3^/; cf its 
lixH-tial currr-ii ? , 

15 3 12:6 03 det^mine tlic r-sis:i:.,-ice in an RI. circul-: -iuen 
tiL£i ti:ae constant for tbc decay .erf curre::! ir 
dhainj^^ed due to a cfeiige In the resistance in tliC 
circuit. 



